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Pr,  Px 

Page  2,  16tli  line  from  top,  for  "  =  -^  "  read  "  a  =  -j-.  " 

^  .r.       n         ,     ,     ,.  1  -.-■,«  P      total  stress        P 

Page    10,    after    last    formula,    add    ";;o=-h- 


S  area  2x 

lor  unity  in  width." 
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(._f)." 
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THE  STABILITY  OF  LOADED  MASONRY  ARCHES. 


By  Akthur  S.  C.  Wurtele,  M.  Am.  Soc.  C.  E. 

During  the  examination  of  the  Assembly  Chamber  groins  in  the 
New  State  Capitol  at  Albany,  N.  Y.,  it  having  become  my  duty  to 
investigate  the  stability  of  the  same  under  loads  shown  by  exact 
measurements  to  be  imposed  thereon,  I  made  a  study  of  the  conditions 
of  stability  of  loaded  arches,  and  state  the  results  as  briefly  as  possible, 
making  no  claim  to  originality,  but  giving  the  mathematical  deductions 
of  Rankine  and  others. 

Given  the  form  of  iutrados  and  loading  as  to  weight  and  position, 
how  is  the  stability  to  be  shown? 

In  the  first  place,  as  the  middle  third  of  the  arch-ring  holds  an  im- 
loortant  place  in  the  stability  of  arches,  I  proceed  to  show  the  reason  for 
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taking  tlie  middle  third  only  into  consideration  with  reference  to  line  of 
pressure. 

Let  p  =  uniform  intensity. 
P  :=  total  load. 
S  =  rib  area. 

a  =  uuiform  increase  of  varying;'  intensity. 
/  =  moment  of  inertia  of  section. 
X  =  any  distauce  from  center  of  ficjure  of  rib. 
.Ti=  distance  of  extreme  intensity. 
Pi^  maximum  intensity. 
b   =  width  of  rib. 
d  =  dejjth  of  rib. 

The  question  is,  at  what  distance  will  pressure  change  to  tension? 


Px: 


P 


S~    hd  ' 

-  al  and  therefore 


(1) 


Px 
I 


Px,; 


I 


<  d 

! 

I X, -J 


The  maximum  intensity  pi  =  p  +  ctXi 

change  occurs  to  tension,  pi  =0.     Therefore 

Pxxi  Pxxi 


r/j.  I. 


Pxx 
p  H ^ ,  and  where  a 


P  — 


I 


:0 


or  p 


I 


■(2) 


bcP 
12 


Substituting  these   values 


and  that  of  j^  froai  (1),  we  obtain 


P 

bd 


Pxd 


12 


whence  x 


2  bd^ 

or,  the  point  where  pressure  would  change  to  tension  is  one-sixth  of  the 
dei)th  of  the  rib  measured  from  the  center  of  figure;  and  if  the  line  of 
pressure  is  taken  within  that  limit  or  within  the  middle  third,  there  will 
be  no  tensile  strain  develojjed  within  the  arch-rib;  a  very  important 
point,  as  tension  cannot  be  considered  in  a  stone  arch  with  any  certainty 
or  safety. 

I  now  proceed  to  show  how  a  line  of  pressure  can  be  practically 
drawn  from  given  loads,  according  to  the  system  of  Dr.  H.  Scheffler. 

Let  Fig.  2  represent  the  arch  and  loading  reduced  to  the  same  spe- 
cific gravity  as  the  ring-stones.  Form  a  table  of  areas  or  loads;  distances 
of  centers  of  gravity  of  loads  ;  products,  and  sums  ;  the  results  being 
moments  of  total  loads  to  each  joint  and  center  of  gravity  distances  of 
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total  loads  from  cro^vn.  The  final  distance  subtracted  from  the  span 
and  the  resnlt  multiplied  by  total  load  and  divided  by  the  rise  will 
give  the  horizontal  thrust  for  that  line  of  pressure,  which  graphically 
laid  down  horizontally  at  distance  above  the  center  of  crown  equal  to  total 
load  on  center  of  gravity  vertical  of  such  load  will  form  a  triangle,  the 
hypothenuse  giving  the  pressure  on  joint  and,  produced  to  said  joint, 
giving  a  point  in  the  line  of  pressure.  This  process  repeated  for  each 
total  load  will  give  the  comjileted  line  of  pressure  by  joining  points  of 
inter- ection,  thus  forming  a  jiolygon  which  will  aj)i3roximate  to  a  curve 
according  to  the  number  of  joints  taken. 


Joint. 

6 

d 

A 

g 

9^ 

/A 

fgA 

/A 

1 

5.0 

4.00 

20.00 

2.50 

50.00 

20.00 

50.00 

2.50 

2 

5.0 

5.00 

25.00 

7.50 

187.50 

45.00 

237.50 

5.28 

3 

4.5 

8.00 

36.00 

12.25 

441.00 

81.00 

678.50 

8.38 

4 

4.0 

9.75 

39.00 

16.50 

643.50 

120.00 

1322.00 

11.02 

5 

3.3 

13.75 

45.38 

20.15 

914.41 

165.38 

2236.41 

13.52 

H 


7.23  X  165.38 


=  116.65  gives  the  horizontal  pressure  = 


dx  A 


1U.25  "  °^'^"  '""  """" ^ ~      h 

The  depth  of  the  keystone  can  be  obtained  by  Kankine's  approxima- 
tion of  fZ  =  y/.  12  R  (iu  underground  arches  co-efficient  =  .27  to  .48 
instead  of  .12  according  to  material)^  where  B  is  the  radius  at  crown  or 


by  Trautwine's  formula,  (7 


V^H 


S 


+  0. 2  where  S  is  the  si^an.     The 


depth  of  voussoirs  is  then  proportional  to  the  secants  of  the  angle  with 
the  crown  of  the  arc-h,  and  can  be  practically  obtained  by  drawing  a  line 
across  radii  ruled  to  joints  parallel  to  tangent  at  crown,  at  a  distance 
from  center  of  radii  equal  to  depth  of  keystone. 

In  the  case  of  arches  unequally  loaded  as  to  halves,  there  will  be  a 
vertical  comi^onent  at  crown,  given  as  follows: 

d  fi'  ^ d'  k  A' 

y  = . ,  . — pr — '  y  being  the  half-span  and  primes  denoting  oppo- 
site arch  figures. 

Then  the  horizontal  pressure  will  be 

(IX  A  —  yV 


H- 


h 
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Having  examined  tlie  question  of  the  middle  third  of  the  voussoir 
and  the  lines  of  pressure  by  a  practical  operation,  we  now  pass  to  the 
main  question  of  the  stability  of  a  given  arch. 

In  order  that  a  condition  of  stability  may  exist  in  an  arch,  it  must 
be  possible  to  construct  a  line  of  pressure  falling  everywhere  within 
the  middle  third  of  depth  of  the  voussoirs,  as  otherwise  the  condition  of 
tension  would  exist,  which  cannot  be  allowed,  as  already  stated. 

It  may  also  be  held  in  most  practical  examples  that  the  tenacity  of 
the  mortar  is  not  suflSciently  great  or  certain  to  be  taken  into  account, 
and  hence  all  horizontal  or  conjugate  forces  which  maintain  the  equi- 
librium of  the  arch-ring  must  be  pressures  acting  upon  the  arch-ring 
from  without  inwards,  and  consequently,  the  intensity  of  the  horizontal 
or  conjugate  pressures  must  not  at  any  point  be  negative. 

It  is  always  jiossible  to  determine  a  system  of  horizontal  or  conjugate 
pressures,  which  being  applied  to  an  arch  loaded  in  any  way  will  keep  it 
in  equilibrio. 

Eankine  gives  a  graphical  solution  as  follows: 

Given  arch  CC,  loaded  with  GOO.  G,. 


3y.3. 


Draw  line   of  loads,    GGs   vertical  and  lay  oflf  GGi,  CG^ equal 

to  total  load   on    CCi,   GG2   Fig.  3.     At   G  draw  lines    Gd^,   Gd^ 

parallel  to  tangents  to  arch-curve  at  G,   Gi,  G^ and  draw  Gd, 

Cidi,  God 2 horizontal  from  G,  G^,,  G^ on  load  line,  to  inter- 
section with  lines  Gdy,  Gd^ Then  Gd,  Gid^,  G.d.  are  the  hori- 
zontal pressures  and  Gd,  Gd^ are  the  normal  pressures  on  the  joints 

G,  Gi,  G2  ....  measured  on  the  same  scale  as  used  for  the  load  line. 

The  pressure  at  the  crown  cannot  be  obtained  graphically,  but  must 
be  derived  from  the  formula  pi  =2^  X  r,  where  ^:)  is  the  intensity  of  load 
at  the  crown  and  r  is  the  radius  at  the  crown. 
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The  point  where  Cd  or  the  horizontal  pressure  is  greatest  is  called 
the  joint  of  rupture  and  the  horizontal  pressure  at  any  point  G  is  the 
total  thrust  to  be  carried  below  that  point  to  the  springing-line. 

The  horizontal  resistance  required  in  any  layer  may  be  obtained  by 
working  out  as  above  the  total  pressures  at  top  and  bottom  of  such  layer, 
and  the  difference  will  l)e  the  resistance  required. 

The  al)ove  results  are  expressed  analytically  thus: 

cly 
Horizontal  j^ressure  =z  H  =  P  -j-  =  P  cotan  i,  where  i  is  the  angle 

of  the  tangent  at  (7  Ci  .... 

Joint  pressure  =  T  ^=  >/  P-^  -\-  H^  ^=  P  cosec  i. 

Pressure  on  layer  =  H  —  -ffi  =  —  dH,  of  which   the  intensity  is 

—  -r-  =  —  -% —  [P  "7    )»  ^^^  which  intensity  must  never  be  negative 

for  stability,  as  before  stated. 

Another  equation  of  condition  for  stability  is  : 

WdT^  TdW,  where  TFis  the  load  between  crown  and  joint  and  jTis 
the  tangent  of  the  angle  of  the  joint.  This  must  hold  good  at  every 
joint,  or  there  must  result  tension  in  the  arch-ring,  which  cannot  be 
allowed. 

The  intrados  and  extrados  of  an  arch 
being  given,  it  is  possible  to  arrange  the 
parts  so  as  to  be  consistent  with  the  laws 
of  equilibrium  on  the  supposition  that 
there  is  no  cohesion  and  no  friction. 

Let  P  §  be  the  inner  end  of  an  arch- 
stone  ;  the  part  q  Q  being  vertical  and 
P  q  inclined  at  an  angle  with  the  hori- 
zontal, whose  tangent  is  S,  and  let  the 
tangent  of  the  joint  angle  P  with  the  ver- 
tical be  t. 

The  horizontal  strain  at  P  is  —  and  at  Q  it  is  - — ; — ^rr  where  \i  P  q  is 

t  t  -\-  di  ^ 

horizontal  these  would  be  alike,  but  the  obliquity  oi  P  g  causes  the  load 
dw  on  it  to  generate  a  horizontal  pressure  Odio,  or 

w       (hn  -\-  ?/' 

7~ 
di        1  .      ^         w      dt 


F.j.^. 


e  = 


f^     dw 


dt  +  t 
_  1 
t 


=  Qdw.     Therefore, 


and     et = 


dw 


—  1 
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Now,  intrados  and  extrados  being  given,  iv,  t,  dw,  and  dt  are  deduci- 
ble  and  G  may  be  computed  by  the  help  of  differentials  only. 

This  solution  of  the  condition  of  equilibrium  gives  data  whereby  the 
inner  ends  of  arch  stones  may  be  shaped,  and  even  if  the  stones  are  not 
cut  as  required,  it  affords  a  means  of  deciding  upon  the  practicability  of 
any  design,  for  if  at  any  place  Ot  comes  out  with  the  wrong  sign,  that  is, 
if  w.dthe  less  than  t.dw,  the  building  is  unsafe  and  insectire. 

It  is  allowable  to  take  the  springing-line  at  the  joint  of  rupture,  but 
in  an  arch  so  calculated  it  is  absolutely  necessary  that  the  abutment  and 
filling-in  of  spandrel  be  sufficiently  stable  to  resist  the  horizontal  pres- 
sure in  every  point  below  such  joint  of  rupture.  This  condition  is  ful- 
filled in  an  abiitment  solid  up  to  that  jDoint,  as  such  an  abutment  will 
react  with  only  just  the  pressure  required;  any  other  condition  of  pres- 
sure from  the  outside  requires  that  such  pressure  should  be  exactly 
equal  to  the  pressure  of  the  arch,  otherwise  motion  will  finally  result. 

For  an  arch  considered  as  above,  the  horizontal  thrust  is  the  hori- 
zontal thrust  of  the  whole  arch,  and  between  the  joint  of  rupture  and 
the  crown  the  condition  of  the  line  of  pressure  is  that  of  vertical  forces 
with  horizontal  component  constant  and  equal  to  that  at  the  joint  of 
rupture,  and  the  only  important  point  to  determine  in  the  line  of  pres- 
sure is  that  at  the  crown  of  the  arch,  which  may  be  obtained  as  follows: 

Draw  a  vertical  line  through  the  center  of  gravity  of  the  load  between 
the  joint  of  rupture  and  the  crown,  and  if  from  any  point  in  that  line 
lines  can  be  drawn  parallel,  respectively,  to  tangents  at  the  joint  of  rup- 
ture and  at  the  soffit  at  crown,  both  falling  inside  the  middle  third  of 
ring,  at  joints,  stability  will  be  assured;  always  provided  that  the  abi;t- 
ments  are  solid,  and  in  no  other  case. 

In  pointed  and  elliptical  arches  it  is  sometimes  impossible  to  obtain 
a  line  of  pressure  within  the  middle  third,  when  the  correct  process  is 
to  obtain  by  trial  the  longest  line  of  pressure  possible  within  the  middle 
third  of  the  ring,  which  will  give  the  minimum  horizontal  pressure 
which  can  be  used,  and  give  the  greatest  stability  possible.  The  point 
where  said  longest  line  of  pressure  runs  out  of  the  middle  third  will  be 
the  joint  of  rupture. 

The  arch-ring  below  the  joint  of  rupture  must  be  sufficient  to  carry 
the  horizontal  strain,  and  is  to  be  made  so  by  increasing  the  depth  of 
the  arch-ring,  and  below  above  taken  springing-line  the  abutment  must 
be  siifficient  to  resist  the  horizontal  pressure. 
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If  the  above  conditions  are  not  fulfilled,  tlie  joint  of  rupture  will 
open  at  back  end;  the  joint  at  the  si^ringing-line  will  open  at  the  front. 
If  we  provide  an  abutment  capaljle  of  reacting  with  a  force  sufficient 
to  keep  the  equilibrated  j)olygou,  where  it  cuts  the  joint,  within  the 
middle  third  of  the  arch-ring,  our  abutment  will  certainly  be  strong 
euough,  and  that  horizontal  force  is  to  be  adojjted  in  all  practical  calcu- 
lations. 

There  appears  to  be  no  condition  under  which  the  springing-line 
can  be  taken  at  any  other  point  than  the  actual  springing-line  ;  except 
with  the  absolute  condition  of  a  solid  abutment,  and  even  then  the 
horizontal  pressure  must  be  calculated  from  the  whole  arch. 

It  can  be  inferred  from  the  differential  equations  of  condition  that 
regularly  increasing  the  loading  from  the  crown  down  is  an  important 
condition  of  stability,  as  a  sudden  increase  of  load  at  one  point  is  liable 
to  give  a  negative  equation,  which  implies  tension  in  the  arch-ring  and 
consequent  danger  of  final  disintegration. 

According  to  Rankine,  in  a  complete  rib,  rising  vertically  from  the 
springing-line,  the  whole  horizontal  pressure  to  sustain  it  will  be  dis- 
tributed through  the  layers  of  the  spandrel  ;  but  in  a  segmental  rib, 
rising  obliquely  from  the  springing-line,  only  the  excess  of  the  greatest 
horizontal  thrust  over  the  horizontal  component  of  the  thrust  along  the 
rib  will  be  so  distributed.  Thus,  if  P  is  the  vertical  load  between  the 
crown  and  the  springing-line;  i  the  inclination  of  the  rib  at  the  springing- 
line  ;  H  the  greatest  horizontal  thrust :  then  H  ^  P  cot  i  will  be 
the  thrust  distributed  through  the  spandrels. 

Sometimes  the  curve  of  a  line  of  pressure  from  given  loads  may  be 
adopted  as  the  intrados  of  an  arch,  and  the  practicability  of  this  may  be 
tested  as  follows: 

If  A  G  Bhe  the  line  of  pressure 
given,  take  Aa,  normal  at  the 
crown,  and  not  over  two-thirds  of 
the  depth  proposed  for  the  key- 
stone ;  take  Bb,  also  normal  at  the 
springing-line,  and  of  such  length 
that 

Bb       Thrust  along  rib  at  A 

Aa  ~~  Thrust  along  rib  at  B 

Draw  in    the   line   i    c    a  at  such   a   distance   from   B   C  A  that   the 
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normal  at  any  j^oint,  as  G  c,  shall  be  inversely  as  the  thrust  at  that 
point.  Then  by  conceiving  couples  of  equal  moment  of  tension  at  A  and 
a  thrust  at  a  equal  to  the  thrust  along  the  rib  at  A  and  a  tension  at  B 
with  a  thrust  at  b  equal  to  that  at  B  ;  these  being  equal  and  opposite 
will  only  transfer  the  line  of  pressure  from  A  C  B  to  a  c  b,  ao  that  if 
a  c  b  is  within  the  middle  third,  then  A  G  B  is  suitable  for  the  intrados 
of  the  arch. 

I  conclude  with  a  simple  graphic  determination  of  an  equilibrated 
circular  arch,  to  show  relative  depth  of  voussoirs. 


/^/<7.  <^- 


Let  S  Ahe  the  depth  of  the  keystone.     Then  from  J  as  a  center,  with 
a  radius  G  A,  cut  G Sin  Fand  draw  I^Z  horizontal;  draw  radius  G  A; 
make  b^  Ci .  .fto  c.2- . .  .bn  Cn  parallel  to  G  Y,  and  finally  take 
GA,  =  G,  A G  An  =  GnA. 

Join  points  A  A^  Ao and  the  line  A  A^  A^ will  represent 

the  extrados  of  an  equilibrated  circular  arch. 

This  investigation  of  the  equilibrated  arch  is  written  after  ex- 
amination of  Raukiue's  works,  the  Encyclopaedia  Britannica  and  other 
works,  combined  with  some  practical  experience  in  construction. 
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SUPPLEMENT. 

Uniformly  Varying  Stress  in  Foundations   for  Eeservoir  Walls 
AND  Abutments  to  Arches. 

This  stress  is  such  that  the  intensity  at  a  given  point  is  proportional 
to  the  distance  of  that  jaoint  from  a  given  line.  Thns,  let  ^j  =  ax 
represent  the  law  of  variation  of  intensity,  a  being  constant. 

The  amoiint  of  stress  is  given  by  the  equation 

P  =  r  r  p  dx  dy  =  a  C  C  x  dx  dy 

The  center  of  stress  is  the  point  traversed  by  the  resultant  of  the 
whole  stress,  and  may  be  obtained  by  dividing  the  moments  of  differ- 
entials of  stress  by  the  sum  of  such  differentials. 

P  Cx  p   dx  dy        C  Cx  p  dx  dy 

Xo  =  '—^ =  "^-^ ■ 


f  f  2^  flc  dy  P 

but  J)  =  ax,  and  therefore 

a  r  f  x^  dvdy 

Xo=  -^ • 

P 

and  r  r  x^  dx  dy  is  known  as  /  or  the  moment  of  inertia,  so  that 
finally,  Xo  =  -p-  =  distance  of  the  center  of  pressure  of  uniformly  vary- 
ing stress  from  the  center  of  figure. 

Uniformly  varying  stress  may  be  considered  as  made  up  of  two 
parts  : 

First. — A  uniform  stress  whose  intensity  is  the  mean  intensity  of 
the  stress  and  whose  center  is  the  center  of  gravity  of  the  surface 
under  stress. 

Second. — A  uniformly  varying  stress  whose  neutral  axis  traverses 
the  above  center  of  uniform  stress  and  whose  amount  is  zero  and 
intensity  j)  at  a  given  point  is  the  deviation  from  the  mean  at  that 
point,  so  that  the  intensity  of  the  entire  stress  is 
P  =Po  -\-  Pi  =Po  +  avi  and 

a  =  P-P'> 

We  know  by  the  theory  of  couples  that  a  force  P  applied  at  a  dis- 
tance Xo  from  the  center  may  be  rei)laced  by  an  eciual  force  at  the  center 
and  a  couple  of  moment  Pxo,  the  effect  of  the  couple  being  to  shift  the 
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resultant  tlirongh  a  distance  equal  to  the  arm  of  the  couple,  so  that 
Pxo  =  al  as  before  shown  for  uniformly  varying  stress. 

The  non-axial  force  may  be  assumed  to  produce  a  uniformly  varying 
stress,  the  maximum  intensity  of  which  will  occur  at  the  distance  .rj  from 
the  neutral  axis  on  the  same  side  as  :co  is  taken.  This  uniformly  varying 
stress  is  equivalent  to  a  uniformly  distributed  stress  of  the  intensity  j^o 
and  a  couple  of  the  moment  al  where  a  is  the  constant  rate  of  increase  of 
the  stress. 

Let  q  =  relative  deviation  of  center  of  pressure  from  the  center  of 

figure  to  total  depth  ;  rci  half-depth  ;  and  /for  rectangles  :=  \^    ;  when 

o 

the  width  is  unity  ;  q  =  -'^°   ;  and  by  combining  the  above  equations, 

we  obtain 

_     al     _    aa?!^    _  (P  —  i>o)  -'^i    _  ^p-'«i  —  P _P-^i___  1 
^       2Fx^  -dP  3P  6P  3P         6 

from  which 

These  equations  form  a  general  solution,  but  are  limited  by  the  con- 
dition that  the  stress  is  of  the  same  kind  over  the  whole  surface.  This 
limit  is  found  as  follows  : 

In  the  equation  p  =po  -\-  axi  the  minimum  intensity  is  p  =  po  —  ciXi ; 
therefore,  when  ax^  is  greater  than  po,  it  becomes  a  minus  quantity, 
showing  tension  on  a  jjart  of  the  surface,  and  ^o  =  axi  gives  the  limit,  or 

which  combined  with  the  equation 

a  I  a  xl 


.r. 


P 


^  -dP  2x,.3P  6 

from  which  it  is  determined  that  when  a  uniformly  varying  stress 
increases  from  zero  up,  q  must  be  one-sixth  of  the  depth,  and  from 
equation: 

p  = —^ we  obtain  the  value 

2.t;i 

P  =    „  .     ^^>      i>  =  2  po. 

JtX 
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So  that,  when  q  exceeds  one-sixth,  the  surface  of  pressure  will  be 
shortened  and  q  always  one-sixth  of  the  shortened  length,  andp  always 
double  po. 

General  equations  for  this  condition  may  be  derived  as  follows: 

Let  z  =  depth  of  surface  pressed, 
Xx  =  half  total  dejith. 

Then  2  .iJi  —  z  =^  depth  under  tension,  half  of  which,  x^  —  —  =  dis- 

tance  between  the  centers  of  total  and  pressed  depth.     Therefore, 

z             z  z 

2  Xi  q  —  Xi — I -7-  =  Xj_ ~  whence  z  =  3  {x^  —  2  Xi  q) 

r  2  p 

po  —  -77-  and  p  = .     Therefore, 

^  z 

_  2P  _         2P 

^^~3  [xi  —  2x^q)'~  (3  —  62)  x^ 
1  P 


2        'dp  .t'l. 

These  equations  of  condition  are  of  great  use  in  matters  of  founda- 
tions, reservoir  walls  and  all  structures  with  deviations  in  center  of 
pressure;  so  that  a  summary  of  above  results  will  be  advantageous  for 
reference. 

Greatest   Intensity    and   Deviation  from   Center   of  Pressure  in 

Foundations. 

First. — When  the  deviation  is  less  than  one-sixth  depth  of  base,  or 
nearest  edge  more  than  one-third  depth  from  center  of  j^ressure. 

Let  P  =^  total  pressure  on  unit  width  of  base; 
p  =  greatest  intensity  of  pressure; 
X  =  half-depth  of  base; 

q  =  deviation  of  center  of  pressure  from  center  of  base  to  base; 
n  =  distance  of  center  of  pressure  from  nearest  edge  of  base. 

Then, 


P 


Z  .C  X  \  L  X    J 


^-  -ip      6        ''-  -6   V     nrJ 

Second. — When   the   deviation   is   greater   that    one-sixth   depth   of 
base,  or  nearest  edge  less  than  one-third  depth  from  center  of  pressure. 
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Employing  the  same  notation  as  above,  we  obtain 

2P  2P 

^         (d  —  &  q)  X  ^  6n 

IP  'IP      • 


^        2      'Spx  ^  Zp 

The  form  in  terms  of  5  is  given  by  Eankine,  and  that  in  terms  of  n 
is  given  by  J.  B.  Krantz,  and  conversion  is  easy  by  the  following 
equations : 

X  —  n  1  n 

^"^      2  X     ^  ~2~  ""  "2~r~ 
n  =  X  —  2  =  X  [\  —  2  q). 


DISCUSSION. 


WHiiiiAM  Cain,  M.  Am.  Soc.  C.  E.  —  This  investigation  of  the 
masonry  arch  goes  no  further  than  Kankine,  though  considerable  ad- 
vance has  been  made  since  his  time  in  the  theory  of  the  arch.  See,  on  this 
subject,  an  article  by  Professor  George  F.  Swain,  in  Van  Nostrand's 
Magazine  for  October,  1880,  where  various  authors  are  quoted  as 
referring  the  theory  of  the  stone  arch,  under  certain  limitations,  to  that 
of  the  solid  elastic  arch  "  fixed  at  the  ends." 

Some  years  ago  the  writer,  when  a  young  assistant  engineer,  had 
occasion,  as  Mr,  Wiirtele  has  had,  to  study  the  arch  question,  but,  not 
being  satisfied  with  Rankine,  took  ujd  Schettler's  theory  of  fictitious  in- 
compressible voussoir  arches,  and  modified  it  emjiirically  to  make  a  prac- 
tical solution  of  the  arch  shown  on  page  101  of  Van  Nostrand's  "Science 
Series,"  No.  12  (piiblished  in  1871),  limiting  the  curve  of  pressures  to 
the  middle  third  of  the  arch -ring  to  avoid  any  tension,  as  Rankine  siig- 
gests.  It  is  very  evident  from  the  constructions  given  that  the  consider- 
ation of  a  uniform  load  alone  (as  with  Rankine)  is  worth  little  as  a  test 
of  the  strength  and  stabihty  of  an  arch,  but  that  for  rolling  loads,  the 
arch  partially  loaded  is  much  the  surer  and  only  true  test.  This  is 
so  plain  from  the  constructions  that  it  is  surprising  that  any  other  views 
should  be  entertained.  As  an  approximate  solution  and  fairly  good  test 
of  the  stability  of  any  arch  subjected  to  a  rolling  load,  I  should  use  now 
very  much  the  construction  alluded  to  for  any  segmental  arch,  or  for  the 
portion  of  a  full  center  arch  above  where  the  spandrels  are  supposed  to 
be  built  so  solidly  as  to  be  as  immovable  as  the  abutment,  and,  in  fact, 
to  constitiite  a  part  of  it.  If  the  spandrels  give  appreciably,  the  solution 
is  indeterminate   by  any  theory  whatever,   unless  the  exact  resistances 
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furnished  by  tliem  could  be  known  beforehand.  The  proper  way  to 
avoid  this  ambiguity  is  to  increase  the  depth  of  voussoir  as  we  leave  the 
crown  and  continue  the  arch  into  the  abutment  of  such  dimensions  that 
there  is  no  need  for  a  spandrel  resistance  to  keep  the  centers  of  resist- 
ance within  the  middle  third,  or  even  narrower  limits. 

Further  rejection  led  the  writer  to  refer  the  theory  of  the  voussoir 
arch  to  that  of  the  "  solid  arch  fixed  at  the  ends,"  as  announced  in  1879, 
in  "  Science  Series,  "  No.  42  (page  41),  and  No.  48  (page  65),  provided 
the  centers  of  pressure  all  lie  within  the  middle  third  and  there  are  no 
mortar  joints.  In  fact,  conceive  a  solid  arch  of  stone  between  immovable 
abutments  of  such  dimensions  that  the  true  pressure  curve  lies  every- 
where within  the  middle  third,  so  that  no  tension  is  exerted  anywhere, 
the  spandrel  resistance,  if  any,  being  neglected.  Now  if  this  arch  is 
conceived  to  be  cut  into  any  number  of  voussoirs,  the  deformation, 
which  is  due  to  the  compression  throughout,  is  precisely  the  same  as 
before,  hence  the  line  of  pressures  for  such  a  voussoir  arch  is  precisely 
the  same  as  for  the  corresponding  solid  arch,  as  it  is  determined  entirely 
by  this  deformation,  so  that  the  graphical  construction  for  fixing  its 
position  is  the  same  in  either  case.  Where  very  thin  mortar  joints  are 
interposed  which  are  allowed  to  harden  before  the  center  is  struck,  the 
conditions  are  not  materially  altered,  and  the  theory  of  solid  arches 
again  applies  very  nearly  if  we  consider  the  whole  arch  to  be  made  of 
stone.  "Where  the  above  conditions  do  not  hold,  then  the  problem  be- 
comes more  or  less  indeterminate;  but  in  a  well-designed  arch  very  thin 
mortar  joints,  or  none  at  all,  should  be  the  rule,  and  the  arch  should  be 
deep  enough  so  that  the  true  line  of  pressures  should  always  keep  within 
the  middle  third  for  any  loading,  in  which  case  the  theory  of  solid  arches 
applies,  and  the  spandrel  resistance,  if  any,  should  be  I'egarded  as  only 
adding  to  the  stability  of  an  otherwise  safe  structure.  The  same  theory 
of  solid  arches  likewise  applies  when  temx)erature  stresses  are  considered. 
As  the  proper  constructions  in  these  cases  have  been  given  by  the  writer 
elsewhere  it  is  not  necessary  to  enter  into  them  here. 

From  a  number  of  such  constructions,  particularly  for  uniform 
loads  and  to  a  somewhat  less  extent  for  partial  loading  and  other 
considerations,  the  Avriter  felt  authorized,  in  1879,  to  announce  that 
"  it  seems  highly  probable  that  the  actual  line  of  pressures  is  confined 
within  such  limiting  curves,  approximately  equidistant  from  the  center 
line  of  the  arch-riug;  that  only  one  curve  of  pressures  can  be  drawn 
therein,  corresponding,  therefore,  to  the  maximum  and  minimum  of  the 
thrust  in  the  limits  taken."  Now  if  the  limits  are  the  middle  third 
limits  it  is  a  very  e;isy  matter  to  test  the  stability  of  an  arch  for  any 
loading  after  the  method  given  in  "  Science  Series,"  No.  12,  page  104; 
and  in  fact,  by  a  tentative  method,  to  design  an  arch  to  satisfy  the 
middle  third  or  even  narrower  limits.  I  hope  some  time  to  design  a 
series  of  arches  of  different  spans  for  heavy  railroad  locomotives  after 
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this  simple  test;  and  I  feel  sure  that  when  it  is  done  by  myself  or  any- 
one else,  Rankiue's  and  Trautwine's  rules  for  depth  of  keystone  will 
be  found  to  give  too  small  dimensions.  In  fact,  it  stands  to  reason 
that  these  rules,  which  simply  represent  the  average  of  i^ractice  for  the 
old  highway  bridges  principally,  should  give  too  small  dimensions  for 
the  enormous  weights  of  our  engines  of  to-day,  traveling,  too,  at  40 
miles  per  hour  and  upwards.  Devotion  to  empiricism  has  been  carried 
a  little  too  far  in  this  case. 

In  the  article  of  Professor  Swain,  above  alluded  to,  is  given  the 
demonstration  of  a  remarkable  theorem  published  by  Winkler  in  1879: 
"For  an  arch  of  constant  section  that  line  of  resistance  is  approximately 
the  true  one  which  lies  nearest  to  the  axis  (center  line)  of  the  ai*ch-ring 
as  determined  by  the  method  of  least  squares." 

This  theorem  agrees  in  a  general  way  with  the  principle  mentioned 
above,  and  if  any  practical  use  is  to  be  made  of  it,  it  would  seem  that 
we  ought  to  work  to  "the  principle,"  though  it  is  admitted  that  the 
two  are  not  identical  and  probably  do  dejaart  from  each  other  sensibly 
in  the  case  of  heavy  eccentric  loads,  as  I  infer  from  some  constructions 
for  stone  arches  given  by  C'astigliano  in  his  "  Systemes  Elastiques" 
(1879-80),  who  adopts,  without  (juestion,  the  theory  of  the  "solid  arch 
fixed  at  the  ends  "  as  the  true  one  for  voussoir  arches,  the  curves  of 
pressure,  however,  being  located  by  the  principle  of  "least  work"  in 
place  of  by  usual  methods. 

It  is  not  difficult,  though  it  is  tedious,  to  locate  the  true  curve  of 
pressures,  after  the  theory  of  the  solid  arch,  by  the  graphical  method; 
but  it  is  an  open  question  whether  "the  game  is  worth  the  candle" 
when  we  consider  how  imperfectly  the  voussoirs  are  cut  in  practice.  In 
the  St.  Louis  steel  arch,  for  example,  the  greatest  care  was  observed  to 
have  the  lengths  of  the  main  members  minutely  accurate,  so  that  the 
theory  would  not  give  erroneous  results.  In  the  voussoir  arch,  as 
ordinarily  constructed,  the  stones  are  by  no  means  cut  with  minute 
accuracy,  so  that  when  the  keystone  is  reached  it  is  impossible  to  say 
whether  it  has  just  the  size  necessary  for  the  closest  fit,  and  yet  on  this 
depends  the  actual  resulting  line  of  pressures.  In  fact,  pieces  of  slate 
are  sometimes  driven  in  between  two  voussoirs  that  do  not  fit,  thus  alter- 
ing the  resulting  line  of  pressures.  If,  in  addition,  the  mortar  joints 
are  not  allowed  to  harden  and  the  centers  are  struck  as  soon  as  the  arch 
is  turned,  it  would  seem  that  the  strict  theory  could  only  approximately 
apply  and  that  the  rough  method  given  above  would  afibrd  almost  as 
good  a  test  of  the  strength  and  stability  of  the  arch  as  the  more 
precise  one,  particularly  as  it  is  very  near  it  in  most  cases. 

Mr.  WuRTELE — Mr.  Cain  is  entirely  correct  in  stating  that  I  go  no 
further  than  Rankine  in  investigation  of  arches.  I  consider  Rankine's 
mathematical  results  as  definite,  and  though  there  may  have  been  since 
considerable  advance  in  the  theory  of  the  arch,  yet  there  is  no  change 
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or  advance  in  the  general  ijrinciples  of  stability;  and  in  fact  I  have  a 
work  by  Bossu,  i^ublished  in  1802,  which  really  contains  the  complete 
principles  of  stability  stated  generally.  The  advance  is  largely  based 
on  hypothesis  and  results  "  highly  probable  "  and  often  indeterminate; 
and,  in  fact,  the  only  case  really  determinate  is  an  arch  built  of  blocks 
withont  any  cohesion  whatever.  And  my  jjaper  was  only  intended  to 
give  a  jaractical  way  of  determining  the  stability  of  an  arch,  without  any 
consideration  of  Castigliauo's  "Systemes  Elastiques,"  or  Winkler's  con- 
stant sections  determined  by  least  squares,  which  last  I  have  a  high 
respect  for;  but  after  all,  least  squares  are  not  definite,  as  every  new  de- 
termination by  least  squares  differs  from  a  former  determination  by  least 
squares. 

The  action  of  a  rolling  load  can  be  determined  by  unequally  loaded 
half-arches,  as  in  a  large  arch  the  weight  of  the  arch  is  many  times  the 
weight  of  rolling  load,  so  that  the  effect  is  greatly  diminished. 

Mr.  Cain's  remarks  are  very  interesting  and  valuable,  as  showing  the 
possibilities  and  indicating  the  lines  of  reasoning  when  we  come  to  a 
complete  scientific  reduction  of  the  theory  of  the  arch,  and  I  am 
pleased  that  my  little  paper  gives  us  a  discussion  so  much  more  valuable 
than  the  pajjer  itself. 
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TUNNEL  SURVEYING    ON  DIVISION  No.  6,    NEW 
CROTON  AQUEDUCT. 


By  F.  W.  Watkins,  M.  Am.  Soc.  C.  E. 


In  surveying  for  shaft  and  tunnel  work  many  difficulties  are  encoun- 
tered that  to  the  novice  in  underground  work  are  somewhat  embarrass- 
ing. 

My  first  experience  in  underground  work  was  on  the  Weehawken 
Tunnel  of  the  New  York,  Ontario  and  Western  Eailroad.  I  searched 
through  such  books  on  tunneling  as  I  could  get  access  to,  but  did  not 
find  much  light  on  the  surveying  question,  those  books  being  usually 
devoted  to  the  more  serious  problems  of  tunnel  engineering,  timbering, 
etc. 

In  long  lines  of  tunnel  work,  great  care  is  necessary  to  transfer  the 
center  line,  established  on  the  surface,  to  the  tunnel  below,  to  insure  the 
correct  meeting  of  the  headings. 
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Of  course,  all  underground  work  must  be  done  by  the  aid  of  artificial 
lights,  and  the  atmosi^here  in  a  tunnel  in  course  of  construction  is 
anything  but  favorable  for  accurate  surveying. 

In  sinking  shafts,  even  where  a  solid  rock  tunnel  is  expected,  the 
upper  strata  of  surface  soil,  sand,  gravel,  and.  disintegrated  or  shaly 
rock,  usually  contain  more  or  less  water,  and  extend  a  considerable  depth 
before  a  solid,  compact  rock  is  met  with,  and  must  all  be  drained  down 
the  shaft  to  the  sump  at  the  bottom,  so  that  when  the  engineer,  with  his 
instruments,  arrives  at  the  bottom  of  the  shaft  to  give  direction  for 
the  headings,  he  finds  himself  standing  under  a  heavy  rain,  with  his 
water-jjroof  coat  and  rubber  boots,  but  it  is  a  serious  question  how  he 
is  to  protect  his  instruments,  so  that  the  object  glass,  eye-piece  and 
verniers  can  be  kept  free  from  moisture  long  enough  for  him  to  get  a 
clear  sight. 

In  tunnel  headings,  there  frequently  is  considerable  leakage,  water 
is  dripping  from  the  roof,  and  the  air  is  charged  with  vapor. 

The  smoke  from  numerous  miners'  lamjDs  and  torches,  the  gases  and 
smoke  from  the  frequent  blasts  of  powder  and  dynamite  used  in  driving 
the  tunnel  in  rock,  and  the  dry  powder  of  the  rock  itself,  thrown  in  the 
air  by  the  power  drills  (when  dry  holes  are  being  drilled),  all  combine  to 
make  the  atmosphere  very  thick  and  hazy,  and  even  with  the  best  venti- 
lating arrangements  commonly  used  by  contractors,  these  conditions  are 
only  partially  remedied.  I  have  seen  it  so  thick  at  times  that  even  an 
electric  arc  light,  but  100  feet  away,  could  not  be  distinguished  but  as 
a  dim  halo  in  the  surrounding  gloom. 

Directly  at  the  headings,  where  the  working  force  is  mostly  em- 
ployed, a  better  condition  usually  prevails.  Immediately  after  a  series  of 
holes  have  been  fired  in  the  heading,  by  a  liberal  use  of  the  compressed 
air,  provided  for  running  the  power  drills,  the  smoke  and  foul  air  are 
driven  back  a  hundred  feet  or  so  from  the  heading,  and  then  slowly  make 
their  way  toward  the  shaft. 

By  continued  use  of  powerful  blowers  or  exhaust  engines  for  several 
hours,  the  air  in  the  tunnel  can  be  rendered  tolerably  clear,  so  that  sights 
of  several  hundred  feet  can  be  obtained,  until  another  series  of  blasts  are 
fired;  the  bad  air  must  then  again  be  blown  out.  When  it  is  clear  enough 
in  the  headings  for  his  men  to  resume  work  there,  the  contractor  is  not 
much  interested  in  driving  it  all  out  of  the  tunnel,  and  the  continued 
running  of  the  ventilating  engine  is  so  much  more  expense. 
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When  construction  work  is  carried  on  night  and  day,  through  the 
week,  as  is  customary  in  long  tunnels,  any  really  accurate  work  of  align- 
ment can  only  be  done  there  on  Sundays  or  holidays,  after  the  work  on 
the  headings  has  been  stopped  for  some  hours  and  the  foul  air  blown 
out. 

The  Weehawken  Tunnel  of  the  New  York,  Ontario  and  Western  Rail- 
road was  nearly  4  000  feet  long,  and  was  driven  from  five  shafts,  and  the 
Eastern  Portal,  Shaft  No.  5,  when  the  approach  cut  was  completed, 
becoming  the  Western  Portal. 

The  following  table  gives  the  distance  apart  and  depth  of  these  shafts 
from  the  surface  to  the  tunnel  floor  or  grade  line: 

Distance 
Shaft.  Station.  Apart.  Depth. 

E.  Portal 2-f  70 

No.  1 10  +  44  744  146.7 

No.  2 18-f62.5  818.5  159.8 

No.  3 26  +  80.5  818  161.2 

No.  4 35  +  04  823.5  142.8 

No.  5 42  +  55  751  90.7 

The  shafts  were  8  x  16  feet,  and  place  1  with  their  longest  side  across 
the  tunnel. 


•UNNEL 


CENTRE    line: 


Plan  of  Shafts,  Weehawken  Tunnel. 

This  arrangement  gave  the  contractors  access  to  both  cages  from  their 
tracks  on  either  side  of  the  shaft,  which  was  at  times  a  convenience  to 
them,  but  not  actually  necessary. 

This  arrangement  of  the  shafts  gave  the  engineers  an  effective  base, 
for  transferring  the  center  line  down  the  shafts,  of  about  7  feet  10  inches, 
allowing  1  inch  on  each  side  for  clearance  of  timbers. 

As  the  shafts  averaged  but  about  800  feet  apart,  any  error  made  in 
the  alignment  at  the  foot  of  the  shaft  would  not  be  magnified  over  one 
hundred  times  at  the  next  shaft,  and  it  was  expected  would  not  amount  to 
anything  serious.  As  a  matter  of  fact,  the  difference  of  lines  when  the 
Tarious  headings  met  ranged  from  J  of  an  inch  to  li  inches.  The 
apparatus  used  on  this  work  was  similar  to  that  afterwards  used  on 
Division  No.  6  of  the  New  Croton  Aqueduct  Tunnel,  but  in  a  more 
•crude  form. 
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Division  No.  6  of  the  New  Aqueduct  Tunnel  (of  wliich  I  had  charge 
from  the  commencement  of  work  on  December  30th,  1884,  to  August, 
1886)  extended  from  a  point  near  the  north  boundary  of  New  York  City 
to  the  siphon  under  the  Harlem  River,  near  High  Bridge,  and  was 
24  140  feet  in  length — all  tunnel  work. 

Most  of  this  tunnel  was  on  the  depressed  portion  of  the  Aqueduct 
which  is  to  be  under  pressure,  the  grade  line  of  the  invert  being  about 
130  feet  below  the  flow  line,  or  hydraulic  grade  of  the  Aqiieduct. 

This  tunnel  was  planned  to  be  driven  from  five  shafts,  No.  20  to  No. 
24,  inclusive,  to  which  another  shaft  was  afterwards  added. 

The  distance  from  Shaft  No.  19  to  No.  20  being  very  long,  6  650  feet, 
and  much  of  it  in  bad  gi'ound,  requiring  timbering,  Shaft  No.  19^  was 
ordered  and  sunk  at  3  116  feet  north  of  Shaft  No.  20. 

The  following  table  gives  the  distance  between  the  shafts,  and  depth 
from  the  surface  to  the  tunnel  invert  grade. 

Shaft. 

No.  m. 

20  . 

21  . 

22  . 

23  . 

24  . 

The  working  depth  of  most  of  the  shafts  was  greater  than  the  original 
depth,  as  the  curbing  had  to  be  carried  up,  and  waste  rock  from  the 
shaft  was  filled  in  around  it ;  at  Shaft  No.  20  as  much  as  20  feet,  and. 
at  No.  24  for  15  feet  higher  than  the  original  surface. 

In  the  alignment  there  was  one  change  of  direction  between  Shafts 
Nos.  20  and  21  of  21  degrees  3  minutes.  One  change  between  Shafts 
Nos.  23  and  24  of  7  degrees  11  minutes,  and  just  south  of  Shaft  No.  24 
of  72  degrees  to  the  right,  to  go  lander  Harlem  River. 

The  grades  changed  from  0.7  feet  per  mile  to  2  feet  9  inches  per  100 
feet,  then  to  an  incline  of  10  feet  per  100  feet  for  1  000  feet,  then  to  0.7 
feet  per  mile,  then  to  15  feet  per  100  feet  for  850  feet,  and  then  to  2  feet 
per  100  feet,  under  the  Harlem  River. 

The  work  of  alignment  on  the  surface  for  the  New  Aqueduct,  from 
Croton  Lake  to  the  Harlem  River,  was  all  very  carefully  checked  and 
monumented,  under  the  direction  of  Mr.  Alfred  Craven,  M.  Am.  Soc.  0. 
E.,  and  it  remained  for  the  division  engineers  to  check  this  alignment. 


From  Surface  to 

From  Top  of  Curb- 

Distance between 

Qvert  Grade— feet. 

ing  to  Invert. 

Shafts— feet. 

56.83 

57.00 

128.87 

138.82 

3  116 

115.21 

135.51 

5  426 

94.11 

104.65 

6  925 

78.21 

86.17 

3  940 

189.96 

205.07 

4  280 
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locate  the  shafts,  and  carry  the  aligament  from  the  surface,  down  the 
shafts,  to  the  tunnel  below. 

Each  division  engineer  was  held  responsible  for  the  accuracy  of  the 
alignment,  as  well  as  for  all  other  work  on  his  division,  and  was  left  free 
to  adopt  the  method  he  considered  best,  and  though  similar  in  the 
general  plan,  the  details  varied  on  each  division. 

In  such  long  headings,  as  between  Shafts  Nos.  20  and  21,  nearly  7  000 
feet,  a  variation  or  error  of  1  inch  in  alignment  at  the  foot  of  the  shaft 
would  be  equal  to  18  feet  divergence  where  the  headings  were  expected 
to  meet. 

In  the  Aqueduct  Tunnel,  where  there  were  to  be  many  long  headings 
to  be  driven  from  shafts,  the  policy  of  placing  the  shafts  with  their 
greatest  dimension  in  the  axis  of  the  tunnel  was  earnestly  advocated  by 
the  engineer  of  construction,  the  late  Mr.  H.  S.  Craven,  M.  Am.  Soe. 
C.  E.,  and  myself,  and  was  so  determined  and  fixed  by  the  chief 
engineer  before  the  contracts  were  let. 

The  dimensions  of  the  large  shafts  were  to  be  17  feet  6  inches  x  8 
feet,  and  of  the  small  shafts,  11x8  feet. 

These  shafts  were  placed  longitudinally  with  the  axis  of  the  tunnel 
and  on  one  side  of  the  center  Line,  being  7J  inches  on  one  side  and  7 
feet  M  inches  on  the  other. 

This  was  arranged  so  that  the  center-line  wires  would  not  interfere 
with  the  cages  or  elevators  in  the  shaft,  and  also  allow  the  contractors 
room  for  a  second  track  or  switch  at  the  bottom  of  the  shaft. 


Plan  of  Shafts,  New  Aqueduct  Tunnel. 

The  space  at  each  end  of  the  shaft  near  the  center  line  was  reserved 
for  the  use  of  the  engineers  in  plumbing  down,  and  the  contractors 
notified  to  keep  it  clear;  but  as  there  were  two  elevators  to  be  put  in 
each  shaft,  with  bracing  and  guide  timbers,  steam  pumi^  and  discharge 
pipes,  compressed  air  pipes  to  convey  power  to  each  heading,  two 
ventilator  pipes,  electric  light  and  firing  wires,  a  ladder  down  the  shaft, 
etc.,  constant  watchfulness  was  required  of  the  assistant  to  see  that  this 
reserved  space  was  not  encroached  upon  by  the  superintendents,  who 
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did  not  see  any  necessity  for  so  much  trouble  about  alignment,  but  if  any 
error  was  made,  of  course  the  engineers  were  responsible. 

The  shaft  being  properly  curbed  at  the  top,  and  the  work  started,  is 
easily  kept  vertical  as  the  sinking  progresses  by  plumb-lines  suspended 
on  the  center  line  or  at  the  four  corners.  Two  pound  lead  plumb-bobs^ 
suspended  by  braided  fishing-line,  were  used  for  this  purpose.  When 
the  grade  of  the  tunnel  is  reached,  the  headings  can  be  started  and  kept 
in  line  for  50  or  100  feet,  by  simply  stretching  a  fine  string  jDarallel  ta 
the  suspended  center  line  plummet  wires,  and  marking  line  points  in 
the  roof.     (Plate  I.) 

When  the  construction  work  has  progressed  thus  far,  the  engineer  has 
then  secured  a  point  where  he  can  place  his  instrument  in  the  tunnel  SO' 
or  40  feet  from  the  shaft,  clear  of  the  water  fiooding  down  from  above, 
and  from  a  f reqiient  danger  of  stones  or  blocks,  etc .,  falling  down  the 
shaft. 

His  next  stej:)  is  to  suspend  his  center-line  wires  one  at  each  end  of  the 
shaft,  secure  them  in  the  true  line  above  ground,  bring  his  plummets  to 
a  rest,  just  clear  of  the  bottom  of  the  shaft,  and  be  absolutely  certain: 
that  the  wires  do  not  touch  anything  from  the  top  to  bottom  of  the 
shaft,  and  then  transit  his  instrument  in  line  with  the  suspended 
wires,  and  mark  his  points  in  the  roof  of  the  timnel  from  which  to  pro- 
duce his  line  as  the  headings  progress. 

Above  ground  the  transit  was  placed  on  line  about  40  or  50  feet  from 
the  shaft,  so  as  to  look  across  the  mouth  of  the  opening  to  a  line  target, 
permanently  secured,  and  as  far  away  as  could  be  distinctly  seen. 

The  wire  farthest  from  the  instrument  was  first  adjusted,  and  clamped 
in  a  little  instrument  with  a  tangent  screw  motion,  and  the  nearest  wire 
then  adjusted  and  secured,  care  being  taken  not  to  change  the  focus  or 
in  any  way  shift  the  telescope  until  both  wires  were  clamped  with  the 
same  sighting. 

The  steel  wire  used  was  No.  8  piano  wire,  was  annealed  and  wound 
upon  a  reel  about  6  inches  .in  diameter,  and  large  enough  to  hold  about 
300  feet  of  wire,  and  provided  with  a  clamp  screw  or  brake. 

The  annealing  of  the  wire  was  not  perfect,  and  if  at  any  time  the  ten- 
sion upon  it  was  released,  it  was  apt  to  spring  up  the  shaft,  get  tangled 
and  lireak. 

The  reels  were  screwed  fast  on  top  of  the  head-frame  of  the  shaft,  a 
1-pound  plumb-bob  attached  and  lowered  to  the  bottom,  where  an  assist- 
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ant  took  otf  the  small  plumb-bob  aud  hooked  on  the  25-ponnd  phimmet 
weights,  and  by  signals  to  the  man  at  the  reel  on  top,  it  was  adjusted  to 
be  clear  of  the  floor  and  hang  in  a  bucket  of  linseed  oil.  The  weight  of 
these  plummets  was,  therefor^;^  carried  to  the  top  of  the  head-frame, 
but  to  avoid  the  vibration  caused  by  alternately  hoisting  either  cage 
the  tangent  screw  instruments  for  securing  the  wires  on  the  line  were 
screwed  to  jilank  brackets  projecting  over  the  shaft  and  spiked  to  stout 
posts  planted  in  the  ground,  free  from  the  shaft  timbering  and  the 
vibration  caused  by  the  hoisting  machinery. 

At  the  bottom  of  the  shafts,  the  water  continually  dropping  into  the 
buckets  kept  the  water  or  oil  in  them  constantly  agitated,  preventing 
the  jjlummets  from  coming  to  a  rest.  This  was  obviated  by  providing 
loose  covers  for  the  buckets,  with  a  small  space  around  the  wire,  enough 
to  give  it  free  play.  This  had  to  be  closely  watched,  and  every  foot  of 
the  wires  doAvn  the  shaft  closely  scrutinized  to  see  that  it  did  not  touch 
any  of  the  timbers  of  the  curbing  and  that  there  was  no  obstruction 
to  prevent  its  hanging  vertically.  From  the  irregularities  in  setting 
the  curbing  many  of  these  timbers  had  to  be  notched  out  to  insure  a 
clearance. 

There  was  generally  two  or  three  days'  preliminary  work  at  each  shaft 
getting  the  wires  hung  and  cutting  away  to  insure  their  hanging  clear, 
and  a  trusty  man  was  sent  to  chmb  from  timber  to  timber  to  do  this 
work  Ijefore  it  was  safe  to  go  any  farther. 

The  observer,  on  looking  through  his  transit,  sees  three  black  lines, 
the  vertical  cross-hair  of  his  telescojDe,  and  two  j^lummet  wires,  and  they 
appear  so  nearly  alike  that  it  is  difficult  to  distingiiish  which  wire  is 
nearest  him.  Lights  must  be  flashed  Ijehind  each  wire,  and  by  the 
time  he  has  moved  his  instrument  nearly  in  line  some  one  may  have 
touched  one  of  the  wires  and  set  it  swinging,  and  he  must  wait  for  it  to 
settle. 

To  obviate  these  and  other  difficulties,  I  devised  what  I  have  called 
an  illuminated  slit  ai5j)aratus  to  replace  the  wires  at  the  bottom  of  the 
tunnel,  which  i^roved  to  be  very  useful  for  this  work.     (Plate  IV.) 

This  instrument  consists  of  two  vertical  strips  of  brass  about  3  inches 
high,  attached  to  separate  horizontal  bars,  moving  in  guides,  and  with 
a  tangent  screw  motion,  by  which  one  or  both  could  be  moved  right  or 
left,  and  the  vertical  opening  between  them  made  as  small  as  desired. 

One   of  these  instruments  wa3  screwed  to  a   jDlank   bracket,  close 
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behind  each  plummet  wire,  and  placed  at  such  a  height  that  on  looking 
through  the  transit  the  farther  one  could  be  seen  in  line  just  above  the 
other. 

These  vertical  slits  were  then  adjusted  by  the  tangent  screws  to  be 
directly  behind  the  plummet  wires,  and  with  an  opening  slightly  larger 
than  the  thickness  of  the  wire,  and  so  that  a  light  held  beyond  it  on 
line  would  illuminate  an  equal  space  on  each  side  of  the  wire;  this 
could  be  estimated  very  closely  by  the  eye. 

The  plummets  and  wires  were  then  removed,  lights  placed  behind 
these  slits,  and  two  fixed  and  illuminated  points  substituted,  which  coiald 
be  very  closely  bisected  by  the  cross-hair  of  the  transit,  and  transferred 
to  the  headings. 

Line  points  in  tunnel  work  are  usually  made  in  the  roof,  as  any 
points  made  on  the  floor  are  liable  to  be  moved  or  destroyed  by  the 
shifting  of  tracks,  trampling  of  mules,  cutting  of  drains,  etc.  In 
timbered  ground  a  nail  or  screw-eye  is  put  in  one  of  the  timbers,  and  a 
wire  and  plummet  lamp  hung  from  it;  but  such  points  are  not  very 
reliable,  as  the  timbers  may  shift  from  unequal  pressures.  In  rock 
tunnels  a  hole  is  drilled  in  the  roof  by  a  hand-drill,  a  wooden  plug 
driven  in  and  a  screw-eye  put  in  it;  from  that  a  copper  wire  and  iDlummet 
lamp  is  suspended,  and  adjusted  to  the  exact  line.  The  copper  firing- 
wires  that  have  been  used  in  the  tunnel  are  excellent  for  this  purpose; 
they  are  pliable  enough  to  be  easily  straightened  with  a  pull,  and  can 
be  coiled  up  to  the  screw-eye  in  the  roof  and  left  to  hang  there  out  of 
the  way  until  again  wanted. 

For  test  alignment  work,  a  point  was  selected  in  each  heading  from 
125  to  150  feet  from  the  shaft,  which  would  give  an  extended  base  line 
from  250  to  300  feet  long. 

Line  points  were  then  drilled  in  the  roof  6  or  8  inches  deep,  wooden 
l^lugs  driven  in,  and  stout  flat  iron  spikes,  9  inches  long,  driven  into 
these  plugs.  To  these  spikes  a  horizontal  brass  plate  was  then  bolted, 
with  a  zero  mark  cut  on  the  lower  edge;  a  movable  vernier  bar  could 
then  be  hung  under  the  brass  plate,  and  the  distance,  east  or  west  of  the 
"0"  mark,  of  a  new  test  line  could  be  read  off.     (Plate  III.) 

The  whole  process  of  carrying  the  alignment  down  the  shafts  and 
taking  it  up  at  the  bottom  was  then  gone  through  a  number  of  times, 
and  the  variation  of  the  vernier  from  the  fixed  points  recorded;  a  mean 
of  at  least  three  good  observations  taken,  the  verniers  set  and  clamped, 
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and  wires  hung  from  them;  and  from  these  points,  250  or  300  feet  apart, 
the  center  line  was  extended  into  the  headings,  and  all  previous  points 
given  were  corrected. 

Eecokd  of  Alignment  Tests. 

In  Shaft  No.  20  the  test  spikes  were  placed  150  feet  north  and  145 
feet  south  of  the  center  of  the  shaft,  or  295  feet  apart. 

Three  independent  tests  were  made  by  plumbing  down  the  shaft,  and 
the  reading  of  the  vernier  showing  these  lines  to  be  east  or  west  of  the 
*'  0  "  on  the  test  spikes  recorded,  as  follows: 

Vakiation  of  Test  Line  from  Zeeo. 

Date.  On  North  Spike.  On  South  Spike.  Observer. 

September  27th,  1885.  1.00  inches  west.  0.30  inches  east.  F.  W.  W. 
December  11th,    "         1.20  "  0.20  "  W.  McC. 

21st,     "         0.70  "  0.00  "  F.  W.  W. 

The  difference  in  direction  or  divergence  from  parallelism  between 
the  first  and  second  observations  was  equal  to  one-tenth  of  one  inch  in 
275  feet,  equivalent  to  a  variation  at  the  base  line  of  17  feet,  at  the  foot 
of  the  shaft  of  about  xo-uTr u"  of  a  foot,  and  at  3  848  feet  south  of  the 
shaft,  or  half-way  to  Shaft  No.  21,  the  variation  would  be  1|  inches. 

The  difference  of  direction  between  the  first  and  third  readings  was 
W  of  an  inch  in  295  feet.  It  was  suspected  that  an  error  had  been  made 
at  some  stage  of  the  observation,  and  it  was  thrown  out,  and  the 
average  of  the  first  two  taken.  The  verniers  were  then  set  for  the 
north  heading  spike  at  1.10  inches  west  of  0,  and  for  the  south  heading 
spike  at  0.25  inches  east  of  0  on  the  spikes,  the  wires  and  plummet 
lamps  hung  therefrom,  and  this  base  line  extended  into  the  headings, 
and  all  former  points  corrected. 

Farther  tests  could  have  been  made,  but  were  not  considered 
necessary. 

The  north  heading  of  Shaft  No.  20  was  carried  150  feet  from  the 
shaft,  on  a  nearly  level  grade,  and  then  changed  to  an  incline,  ascending 
10  feet  per  100,  for  1  046  feet. 

At  the  top  of  this  first  incline,  and  about  1  200  feet  from  the  shaft, 
the  surface  of  the  ground  was  but  40  feet  above  the  roof  of  the  tunnel. 
A  test  hole,  made  by  the  diamond  drill,  when  testing  for  rock,  had  been 
sunk  at  this  point,  and  the  casing  pipe,  3  inches  diameter,  was  left  in 
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for  the  purpose  of  checking  the  alignment  in  the  tunnel,  and  when  the 
heading  reached  this  jjoint,  though  the  pipe  was  not  driven  plumb,  nor 
quite  on  line,  it  was  calculated  that  our  line  below  was  Ij  inches  east  of 
the  line  above  ground. 

At  Shaft  No.  21  the  first  series  of  observations  were  unsatisfactory, 
and  considered  to  be  approximate  only.  The  contractors'  men  had  j)laced 
a  steam  jjump  at  the  bottom  of  the  shaft,  on  line,  and  the  water  and 
steam  pijies  crossed  the  line  of  sight,  and  interfered  with  the  plummet 
wires  down  the  shaft. 

The  most  reliable  observation,  taken  January  8th,  1886,  was  used 
until  another  test  was  made  by  Mr.  Mclntyre,  Division  Engineer.  The 
readings  on  the  test  spikes  on  January  8th  were  as  follows: 

The  line  on  north  spike  was  1.46  in  east  of  0,  and  on  the  south 
spike  was  0.83  inches  west  of  0. 

Mr.  Mclntyre,  in  his  later  tests,  taking  the  average  of  the  readings, 
adopted  for  his  line  on  the  north  spike  1.29  inches  east,  and  on  the 
south  spike  1  inch  west  of  0.  The  test  sjiikes  were  272  feet  apart,  and 
the  difference  in  direction  of  the  former  and  final  lines,  for  that  length, 
was  0.25,  or  i  of  an  inch,  and  at  the  distance  of  2  000  feet  from  the 
shaft,  which  the  north  heading  had  then  reached,  this  change  made  a 
difference  of  two  inches  in  the  alignment. 

At  Shafts  Nos.  22  and  23  the  different  alignment  tests  were  more  satis- 
factory.    At  Shaft  No.  22  the  following  was  recorded : 

Date.  North  Test  Spike.  South  Test  Spike.  Observer. 

November  16th,  1885.      0.15  inches  east.      0.47  inches  east.       W.  McC. 
January  5th,  1886.  0.00       "         "        0.56       "         "  W.  McC. 

These  test  spikes  were  266  feet  aj^art,  and  the  difierence  in  direction 
for  that  distance  equals  0.24  of  an  inch.  The  latest  test,  being  most 
carefully  conducted,  was  then  adopted  and  carried  into  the  headings. 
Other  tests  were  made  later,  b.ut  no  change  made. 

At  Shaft  No.  23  the  test  spikes  were  300  feet  apart,  and  the  records 
of  tests  on  these  spikes  were  as  follows: 

Date.  Nortli  Spike.  South  Spike.  Observer. 

Nov.  12th,  1885.  0.67  inches  west.  0.45  inches  west.  McC.  and  C.  F.F. 
Jan.  6th,  1886.       0.62       «'         "       0.47       "        "        W.  McC. 

Difference 0.05  inches  east.     0.02  inches  west. 
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This  gave  a  difiereuce  in  the  two  tests  of  0.07  of  an  inch  at  300  feet, 
and  as  the  headings  from  this  shaft  would  be  comparatively  short — not 
over  2  100  feet — the  difference  in  alignment  at  that  distance  would  be 
only  half  an  inch. 

The  average  of  the  two  observations  was  taken,  and  that  line 
established. 

Shaft  No.  24  was  a  small  shaft,  its  dimensions  being  8  x  11  feet,  and 
was  245  feet  deeiJ  from  the  top  of  the  curbing  to  the  invert  grade. 

Immediately  south  of  the  shaft  the  line  of  the  tunnel  curved  to  the 
right,  to  go  under  the  Harlem  River,  with  a  curvature  of  72  degrees  32 
minutes,  and  radius  of  25  feet,  and  130  feet  north  of  the  shaft  the  grade 
changed  from  2  feet  per  100  feet  to  go  up  an  incline  of  15  feet  per  100. 

This  was  a  particularly  wet  shaft,  the  water  jjouring  down  nearly  300 
gallons  per  minute,  but  by  using  the  illuminated  slits,  with  bulls-eye 
lanterns  behind  them,  we  had  no  trouble  in  taking  up  the  alignment. 

The  test  spikes  were  placed  172  feet  north  and  30  feet  south  from  the 
center  of  the  shaft. 

The  readings  on  these  test  spikes  were  as  follows: 

Trial  lines  east  or  west  of  0,  on  sj^ikes — 

North  Head.  South  Head. 

December  28th,  1885.       0.25  inches  west.     0.60  inches  west.     F.  W.  W. 

February  2d,  1886.  0.60      "         "  0.33       "         "       W.  McC. 

23d,    "  0.14      "         "  0.51       "         "       W.  McC. 

As  the  first  of  these  observations  made  by  myself,  and  the  last  by 
Mr.  McCulloh,  were  nearly  parallel,  the  difterence  in  direction  being 
.02  inches  in  200  feet,  t'le  last  one  was  adopted  and  the  centers  corrected 
to  correspond. 

The  curves  in  the  tunnel,  one  in  the  south  heading  of  Shaft  No.  20, 
of  21  degrees  2  minutes  30  seconds  total  deflection,  and  one  in  the  south 
heading  of  Shaft  No.  23  of  7  degrees  11  miniites  total  deflection  ;  each 
with  a  radius  of  573  feet,  were  marked  out  in  the  roof  of  the  tunnel,  by 
deflection  angles,  and  measured  with  a  steel  tape  for  chords  of  10  feet, 
and  center  line  plugs,  -pvLt  in  at  each  point  as  the  heading  progressed. 

The  apex  of  the  tangents  fell  in  the  side  of  the  tunnel,  and  by 
chambering  out  a  little,  we  were  able  to  set  our  transit  at  that  point  and 
test  the  angle  by  rei:)eated  observations,  on  a  test  spike  and  vernier  scale 
set  beyond  the  end  of  the  curve,  thus  insuring  the  accuracy  of  our 
new  course  in  the  heading. 
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In  the  south  heading  of  Shaft  No.  24  we  were  required  to  turn  an 
angle  of  72  degrees  32  minutes  deflection  on  a  curve  with  a  radius  of 
25  feet. 

As  the  P.  C.  came  close  to  the  foot  of  the  shaft,  with  large  quantities 
of  water  coming  down,  it  was  impossible  to  set  the  transit  there,  to  run 
the  curve  in  the  usual  manner. 

"We  i)repared  a  table  of  the  calculated  chords  and  ordinates  from 
the  tangent  produced,  for  each  5  feet  around  the  curve,  and  measured 
in  for  the  center-line  plugs  by  this  table  of  ordinates. 

By  chambering  out  a  little,  in  the  side  of  the  tunnel  at  the  P.  I. ,  we 
tested  the  angle  as  in  previous  cases,  and  when  the  P.  T.  was  reached, 
tested  the  curve  with  the  transit  from  that  end. 

The  diagram  of  curve  at  Shaft  No.  24  will  illustrate  this  work  more 
clearly.     (Plate  II.) 

Before  stating  what  the  actual  variation  in  the  alignment  was  found 
to  be  when  the  tunnel  headings  met,  I  should  mention  that  the  work 
passed  through  the  hands  of  three  division  engineers  before  completion. 
Mr.  J.  B.  Mclntyre  succeeded  me  on  August  15th,  1886  ;  and  he  was 
succeeded  by  Mr.  S.  F.  Morris,  as  division  engineer,  in  April,  1887,  and 
the  work  was  tested  by  different  parties  from  those  who  started  it. 

In  the  north  heading  of  Shaft  No.  20,  as  I  have  stated,  the  alignment 
was  partially  tested  through  the  drill  hole,  from  the  surface,  at  the  top 
of  the  first  incline,  about  1  200  feet  from  the  shaft.  The  variation  was 
then  found  to  be  Ij  inches,  but  as  the  drill  hole  was  not  plumb,  and  the 
points  above  ground  were  located  by  offsets  around  some  buildings,  it 
was  uncertain  if  the  error  was  in  the  tunnel  or  above  ground,  and  no 
change  was  made. 

A  slope  was  afterwards  driven  into  the  tunnel,  from  a  point  500  feet 
farther  from  the  shaft,  and  the  line  run  down  the  slope  and  tested,  the 
difference  was  then  found  to  be  slightly  less  than  one  inch. 

When  the  headings  of  Shafts  Nos.  22  and  23  met,  on  June  22d,  1886, 
the  difference  in  lines  was  1|  inches. 

And  when  the  headings  of  Shafts  Nos.  23  and  24  met,  on  November 
12th,  1886,  the  difterence  in  lines  was  reported  by  Mr.  Mclntyre  to  be 
but  i  of  one  inch. 

The  headings  between  Shafts  Nos.  20  and  21,  and  between  Shafts 
Nos.  21  and  22,  did  not  meet  until  a  much  later  date.  I  do  not  know 
who  tested  the  lines,  and  have  not  seen  the  data  for  it,  but  I  understand 
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that  Division  Engineer  Morris  reported  the  error  to  be  less  than  an  inch 
in  either  case. 

The  targets  used  for  fore-sights,  above  ground,  were  pine  boards  6 
feet  high  and  6  inches  wide,  painted  red  and  white  for  each  foot  high, 
alternately,  on  each  side  of  the  center,  and  these  targets  were  perma- 
nently secured  and  braced  in  their  position  on  the  line. 

To  reach  the  center-line  plugs  in  the  roof  of  the  tunnel,  for  hanging 
wires,  etc.,  in  a  circular  tunnel,  ordinary  ladders  were  not  available, 
and  some  tripod  ladders  were  made,  which  would  stand  alone  in  the 
center  of  the  tunnel.    A  sketch  of  these  ladders  is  appended.   (Plate  V.) 

Levels  were  carried  down  the  shafts  by  steel  tapes,  held  by  a  clamp 
attached  to  the  top  curbing  of  the  shafts. 

Bench  marks  in  the  tunnel  were  usually  made  by  drilling  a  hole  in  a 
projecting  point  of  solid  rock,  on  the  side  of  the  tunnel,  above  the  floor, 
a  wooden  plug  driven  in,  and  into  that  a  railroad  spike,  the  head  of 
which  made  an  excellent  bench. 

Cross-sections  in  Tunnel  Excavations. 

Taking  cross-sections  for  measuring  the  areas  and  quantities  of  exca- 
vation in  tunnel  work  is  dona  on  an  entirely  different  system  from  that 
ordinarily  used  in  open  work  above  ground. 

In  tunnel  work  the  cross-sections  are  usually  made  by  measuring  the 
irregularities  of  the  contour  of  the  section  by  angles  and  distances  from 
some  point  iu  the  vertical  i^laue  through  the  axis  of  the  tiinnel,  and  the 
elevation  of  that  jjoint  (or  origin  of  measurements),  with  reference  to 
the  governing  grade  line,  is  determined  by  leveling. 

The  instruments  generally  iised  for  this  laurpose,  so  far  as  I  have 
known,  have  been  rather  crude.  That  used  by  the  writer  for  measuring 
the  cross-sections  of  the  Weehawken  Tunnel  was  a  light  pine  board, 
shaped  like  a  semicircular  protractor  and  4  feet  in  diameter.  Degrees 
were  marked  on  its  circumference  for  about  200  degrees  of  angle.  This 
protractor  was  set  on  a  light  wooden  easel,  and  braced  to  a  vertical 
position,  with  its  center  in  the  axis  of  the  tunnel,  and  the  angles  and 
distances  then  measured  by  a  rod  or  tape  line. 

For  the  New  Aqueduct  Tunnel,  where  sections  were  to  be  made  every 
10  feet  for  over  30  miles  of  tunnel,  it  was  necessary  to  provide  some  in- 
strument that  would  be  more  accurate  and  more  convenient  to  oi^erate. 

The  writer  devised  one,,  consisting  of  a  circular  disk  or  protractor  3 
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feet  in  diameter  and  attached  to  a  vertical  iron  rod,  tbe  rod  sliding  up 
and  down  in  a  socket  and  regulated  by  a  thumb-screw.  It  wr.s  sup- 
ported by  a  tripod  made  of  wrought-iron  gr.s  pii^e,  and  had  extension 
legs. 

The  disk  could  be  set  in  the  plane  of  the  axis,  and  its  center  raised  to 
coincide  with  the  center  of  a  circular  tunnel.  Cross-sections  could  then 
be  taken,  and  tl:e  measurements  would  show  at  once  if  any  trimming 
was  needed. 

I  had  one  of  these  instruments  made  at  the  Morris  Doek  office,  with 
the  help  of  a  handy  man  in  the  engineer  corps.  As  made,  it  worked 
well,  but  was  heavy  and  cumbersome.  It  could  probably  have  leen  im- 
proved and  made  much  lighter  if  placed  in  the  hands  of  a  skillful 
mechanic  to  manufacture. 

Mr.  Alfred  Craven,  Division  Engineer  of  the  Aqueduct  Commission, 
and  a  member  of  this  Society,  worked  out  the  problem  about  the  same 
time,  and  devised  what  is  popularly  known  among  the  Aqueduct  engi- 
neers as  the  "  Sunflower  Instrument  "  (from  its  yellow  disk  of  varnished 
wood).  Mr.  Craven's  plans  were  sent  to  Messrs.  Heller  &  Brightly, 
instrument-makers,  who  manufactured  those  used  on  the  New  Aque- 
duct work.  The  instrument  consists  of  a  light  wooden  tripod  with  ex- 
tension legs,  a  shifting  top,  ball  and  socket  joint,  and  leveling  screws, 
similar  to  a  light  transit  tripod.  A  vertical  brass  tube  slides  through 
this  socket  and  carries  at  its  top  a  light  wooden  circular  disk  or  pro- 
tractor, about  18  inches  in  diameter  and  with  its  circumference  grad- 
uated for  each  degree  of  the  circle,  from  0  at  the  top  to  180  degrees  at 
the  bottom.     (Plates  VI.  and  VII.) 

A  hard-wood  arm  or  rest,  revolving  on  a  central  socket,  traverses  the 
face  of  the  disk.  A  Avooden  measuring  rod,  al^out  14  feet  long,  is  laid 
upon  this  rest  or  revolving  bracket,  in  front  of  the  disk,  and  slid  out  to 
touch  the  rock  or  surface  of  the  tunnel,  the  end  of  the  supporting  arm 
at  the  same  time  pointing  to  the  degree  of  angle  from  the  vertical. 

The  measuring  rod  tapers  from  2  inches  to  J  inch  in  width,  and  is 
graduated  for  feet  and  tenths  from  the  small  end. 

The  measurements  are  recorded  in  the  field  book  like  ordinary  cross- 
section  notes,  the  angle  read  and  distance  from  the  center  of  the  disk, 
taking  the  place  of  elevation  and  distance  out. 

To  insure  the  cross-section  being  taken  at  right  angles  with  the 
axis  of  the  tunnel,  the  disk  has  a  small  sighting  tube  attached  and  per- 
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pendicular  to  its  face;  wlien  the  instrument  is  set  on  line  and  leveled  np, 
a  sight  is  taken  through  this  tube  to  a  distant  line  light.  The  elevation 
of  the  center  of  the  disk  is  then  taken  before  the  cross-section  is 
measured;  about  fifteen  or  twenty  measurements  w^ll  usually  cover  all 
l^rominent  irregularities  of  the  contour  of  the  section. 

The  areas  of  these  cross- sections  can  either  be  calculated  from  the 
field  notes  or  the  jilats  measured  by  the  polar  planimeter.  The  latter 
has  been  found  most  convenient  for  this  work,  and  when  cirefuUy  used, 
remarkably  accurate.  t 

Mr.  Craven  also  devised  a  circular  protractor  for  platting  the  disk 
•diagrams  in  the  oflBce,  which  supplements  and  carries  out  the  same 
princiijle  for  which  the  Sunflower  disk  is  used  in  the  tunnel. 

It  is  a  circular  i3rotractor  of  German  silver,  3  inches  in  diameter,  and 
graduated  from  "  0  "  both  ways  to  180  degrees,  and  with  a  transparent 
horn  center,  so  that  it  can  be  jjlaced  on  the  paper  and  brought  to  coin- 
cide with  the  elevation  of  the  center  of  the  disk  previously  marked  on 
the  diagram.  Four  fine  needle  points  on  the  under  side  of  the  pro- 
tractor keep  it  in  place.  A  graduated  metal  arm  attached  swings  around 
■ 

the  center  and  is  graduated  for  feet  and  tenths  on  a  scale  of  one-half 
inch  to  a  foot,  on  which  scale  all  cross-section  plats  of  the  tunnel  are 
made. 

This  arm  marks  the  degrees  of  angle,  and  measures  the  distance 
from  th?  center  of  the  points  of  the  cross-section  contour. 


DISCUSSION. 

Edwakd  Wegmann,  Jr.,  M.  Am.  Soc.  C.  E. — I  have  listened  with 
great  interest  to  Mr.  Watkins'  paper  on  Tunnel  Surveying.  Consider- 
ing the  difficulties  encountered  in  this  kind  of  work,  the  accuracy  usually 
obtained  in  the  "meeting  of  headings"  is  very  remarkable.  On  the 
Fifth  Division  of  the  New  Croton  Aqueduct,  of  which  I  have  charge, 
there  are  ten  shafts,  the  greatest  distance  between  any  two  consecutive 
ones  being  about  2  700  feet.  In  the  nine  meetings  of  headings  between 
these  ten  shafts  the  minimum  difi"erence  of  alignment  Avas  i  inch  where 
the  shafts  were  2  157  feet  apart,  and  the  maximum  difference  was  Ij 
inches,  the  distance  between  the  shafts  being  2  201  feet.  This  maximum 
difference  occurred,  however,  where  we  had  been  running  a  reverse 
curve  underground.  Some  of  the  facts  concerning  this  particular  piece 
of  work  may  be  of  interest. 

The  New  Croton  A  lueduct,  after  passing  under  the  Harlem  River 
aliout  300  feet  below  high  water,  turns  into  Tenth  avenue  at  179th  street. 
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It  continues  in  tunnel  100  to  150  feet  below  the  surface  of  this  avenue 
to  152d  street,  where  the  old  aquediTct  comes  into  Tenth  avenue,  being, 
however,  near  the  surface.  To  avoid  blasting  directly  under  the  old 
aqueduct,  the  tunnel  for  the  new  water-supply  was  turned  by  means  of 
a  reverse  curve  to  the  line  of  Convent  avenue,  which  is  parallel  with 
Tenth  avenue,  and  437  feet  to  the  east.  This  reverse  curve  has  a  radius 
of  350  feet  and  a  length  of  823  feet.  Owing  to  the  sharpness  of  tlie 
curve  sights  of  only  about  150  feet  could  be  taken  from  one  "set-up," 
and,  consequently,  about  seven  transit-points  were  required.  The 
whole  curve  was  run  from  the  Convent  avenue  shaft  and  the  heading  was 
driven  about  200  feet  farther  tban  the  P.  T.'  on  the  Tenth  avenue  tan- 
gent to  the  meeting  point,  where  the  difference  of  alignment  in  the  two 
headings  was  Ij  inches.  At  the  Tenth  avenue  P.  T.  the  difference  was 
only  i  inch.  There  was,  therefore,  an  angle  of  one  to  two  minutes 
between  the  two  lines. 

The  close  results  obtained  generally  in  tunnel  surveying  are,  in  my 
opinion,  not  due  entirely  to  phenomenal  accuracy  on  the  part  of  the 
engineer,  nor  largely  to  good  luck,  but  in  a  great  measure  to  the  balan- 
cing of  small  errors  to  the  right  and  to  the  left. 

The  data  given  by  Mr.  Watkins  show  that  he  never  dropped  his 
wires  exactly  alike,  and  I  suppose  that  all  tunnel  engineers  have  had 
a  similar  experience.  In  deep  shafts  the  wires  are  never  perfectly  quiet. 
In  Shaft  25  of  the  New  Aqueduct,  which  is  426  feet  deep,  we  noticed  a 
very  slow,  steady  oscillation  of  the  wire.  In  the  hurry  of  the  work  we 
did  not  time  these  oscillations. 

The  longest  headings  which  have  been  run  are  at  the  St.  Gothard 
Tunnel  in  the  Alps.  The  length  of  this  tunnel  is  9,06  miles,  and  as  it 
was  worked  entirely  from  two  portals,  the  headings  were  nearly  5  miles 
long.  The  difference  of  alignment  at  the  meeting  point,  according  to 
data  sent  me  by  a  friend  who  was  engaged  on  this  work,  was  about  1 
foot.  The  difference  between  the  calculated  and  actual  lengths  of  the 
tunnel  was  15  feet,  which  error  was  probably  due  to  difficulties  en- 
countered in  triangulating  over  the  Alps. 

Edwakd  p.  Nokth,  M.  Am.  Soc.  C.  E. — Ought  not  this  oscillation 
of  the  long  wire  to  occur  once  in  twenty -four  hours — is  it  not  dependent 
on  the  motion  of  the  earth  ?  Also,  I  would  like  to  ask  if  anybody  has 
used  molasses  instead  of  oil  or  water  in  the  bottom  of  the  bucket  ? 

CHAEiiES  S.  GowEN,  M.  Am.  Soc.  C,  E.— I  believe  we  tried  it  once, 
but  it  was  (luite  expensive,  and  we  found  that  the  viscous  quality  of  the 
molasses  interfered  with  the  proper  vibration  and  settling  of  the  plumb- 
bobs.  We  found  in  the  deep  shafts  on  Division  No.  1  that  a  thin  coating 
of  black  oil  on  top  of  the  water  in  the  buckets  was  better  than  all  oil. 

The  oil  was  so  thick  that  it  was  apt  to  interfere  with  the  vibration  of 
the  bobs  in  the  same  way  as  the  molasses,  though  not  (luite  to  the  same 
extent. 
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We  used  plumb-bobs  weighing  25  pounds,  but  in  deep  shafts  the 
slightest  interposing  force  on  the  wire  would  interfere  with  the  pull  of 
the  plumb-bob. 

Charles  B.  Brush,  M.  Am.  Soc.  C.  E. — What  instruments,  transit 
and  level,  were  used  ?  Was  there  any  special  care  in  selecting  the 
instruments  ? 

Mr.  GowEX. — We  used  the  ordinary  engineers'  transit  and  fluid  level. 

In  shaft  work  we  used  ordinary  engineers'  levels,  and  part  of  the 
time,  ordinary  engineers'  transits. 

We  had,  however,  a  specially  made  transit  of  somewhat  greater  power 
than  the  ordinary  transit,  and  it  was  used  at  times.  I  do  not  think  the 
results  obtained  with  the  larger  transit  were  materially  better  than  those 
obtained  by  the  use  of  the  ordinary-sized  instruments,  although  it  might 
have  been  a  little  easier  to  work,  on  account  of  the  large  object  glass, 
and  consequently  more  light. 

Francis  D.  Fisher,  M.  Am.  Soc.  C.  E. — The  statement  may  be  of 
interest  that  determination  of  alignment  by  the  use  of  graduated  scales 
was  used  in  the  Hoosac  Tunnel. 

The  scales  were  securely  fastened  to  wooden  plugs  driven  into  holes 
drilled  in  the  roof  of  the  tunnel.  The  use  of  a  scale  for  this  purpose 
was  first  introduced  by  myself,  and  was  simply  a  piece  of  wood  or  metal 
divided  into  decimals  of  a  foot,  along  which  the  plumb  line  was 
moved  until  it  was  in  the  coiTect  position,  when  the  reading  on  the 
scale  was  noted.  Records  of  repeated  trials  of  the  alignment  in  this 
way  were  made,  and  from  those  considered  the  most  reliable  an  aver- 
age reading  was  deduced  as  being  on  the  correct  line.  This  system 
was  afterwards  elaborated  by  Mr.  Wederkinch,  Assistant  Engineer, 
who  took  charge  of  the  alignment  work  at  the  central  shaft.  The 
iustruments  designed  by  him  for  getting  the  alignment  at  the  top  of 
the  shaft  are  illustrated  on  page  69  of  "  Vose's  Manual  for  Railroad 
Engineers,"  Edition  of  1874.  The  central  shaft  was  1  028  feet  deep 
and  elliptical  in  shape.  Plumb  lines  were  suspended  down  each  end  of 
the  shaft,  giving  a  base  line  of  about  22  feet  from  which  the  alignment 
was  extended  into  the  headings. 

The  total  length  of  the  tunnel  was  something  less  than  5  miles. 
Lines  were  run  in  from  the  east  and  west  portals  to  a  meeting  with  the 
central  shaft  headings,  about  1  600  feet  east  and  2  000  feet  west  from 
the  shaft.  The  variation  in  the  lines  at  the  meeting  east  of  the  shaft  was 
1%  inch,  and  west  of  the  shaft,  vo  inch.  The  variation  in  the  levels  at 
the  same  points  was  j{I  o  and  to'ij  of  a  foot. 

Mr.  GowEK — I  have  been  requested  by  several  to  speak  of  an 
experience  we  had  on  Division  No.  1.  Mr.  Wegmann  alluded  to  it  in 
his  remarks. 

At  the  meeting  of  the  headings  between  Shafts  Nos.  2  and  3,  on  that 
division,  we  thought  we  would  make  a  practical  test  of  the  accuracy  of 
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our  lines.  These  shafts  are  6  600  feet  apart,  and  nearly  375  feet  in 
dej^th.  At  the  time  the  test  was  made  the  tunnels  were  separated  by  a 
breast  of  rock  which  remained  to  be  blasted,  about  8  feet  in  thickness. 
The  lines  on  each  side  of  this  breast  were  run  into  the  heading,  and  air 
drills  were  set  up  to  line  and  grade,  one  on  each  side,  and  two  holes 
were  drilled.  Our  object  was  to  see  if  the  drills  would  meet.  As  a 
matter  of  fact,  they  did  meet,  and  when  they  were  withdrawn  a  hole  was 
found  through  the  breast  about  8  feet  in  length  and  drilled  laractically 
on  a  straight  line. 

F.  W.  Watkins,  M.  Am.  Soc.  C.  E.— The  question  of  the  vibration  of 
the  plumb  wires  has  been  s^joken  of.  I  can  say  that  so  far  as  I  have 
observed  on  the  shafts  in  my  charge,  when  everything  was  quiet  and 
there  was  no  motion  or  jar  from  the  hoisting  machinery,  I  did  not  find 
any  vibration,  but  my  shafts  were  not  so  deep  as  some  others  on  the 
line. 

You  will  notice  on  the  diagram  of  the  vertical  slit  apparatus  that  the 
upper  jjart  of  the  opening  is  V-shaped  and  with  horizontal  lines  marked 
on  the  face  of  the  brasses. 

My  idea  was  that  if  the  Avires  did  vibrate,  the  vibrations  could 
be  observed  by  the  scale  on  the  inclined  part  of  the  oi>ening  ;  and  by 
shifting  the  parts  of  the  V  by  the  thumb-screws,  the  vibrations  across  the 
face  could  be  eqiialized,  and  the  average  obtained  for  the  opening.  But 
I  found  I  did  not  need  to  use  them  (except  in  the  preliminary  work), 
as  except  when  jarred  by  the  motion  of  the  machinery,  the  wires  soon 
came  to  a  rest,  and  there  was  no  perceptible  vibration. 

O.  F.  Nichols,  M.  Am.  Soc.  C.  E. — The  excellent  skill  of  the  engi- 
neers of  the  New  Aqueduct  has  given  us,  j)erhaps,  the  best  designed 
conduit  in  existence.  One  great  gain  to  our  common  exjjerience  comes 
from  the  opportunity  for  the  application  of  modern  methods  to  extensive 
tunneling.  It  is  to  be  hoped  that  others  of  the  particijjants  in  this 
great  work  will  follow  Mr.  Watkins,  and  that  the  exjierience  gained  will 
thus  be  placed  within  the  reach  of  inquirers  so  that  they  may  not  search 
in  vain,  as  he  did,  for  information  in  l^eginning  new  work. 

The  alignment  of  the  Hoosac  Tunnel  down  and  from  deep  shafts 
has  been  recorded,  and  with  other  examples  of  the  kind  has  aided  many 
engineers  in  similar  work.  In  the  same  way  the  simple  and  convenient 
location  of  shafts,  methods  of  alignment,  etc. ,  followed  by  Mr.  Watkins 
and  his  associates,  will  be  of  value  to  many  others  and  go  far  to  simplify 
the  process  of  tunneling  and  to  remove  the  dread  entertained  by  many 
as  to  undertaking  this  kind  of  work.  A  few  years  ago  we  were  told  that 
tunneUng  on  Manhattan  Island  would  be  much  more  diflScult  than  in 
London  on  account  of  the  advantage  which  the  latter  city  possesses  in 
having  softer  material.  The  influence  of  the  rapid  and  safe  driving  of 
the  Aqueduct  tunnels  is  already  felt  when  we  read,  as  in  a  recent 
periodical,  that  a  tunnel  on  Manhattan  Island  can  be  more  easily  driven 
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than  in  London  because  of  the  existence  of  the  harder  material  in  New 
York,  "well  adapted  to  safe  tunneling." 

The  old  method,  apparently  used  to  great  extent  in  the  Aqueduct,  of 
setting  centers  in  the  roof  of  the  tunnels  is  particularly  convenient  in 
the  alignment  of  straight  work.  It  often  happens  in  general  experience, 
however,  that  the  setting  of  stakes  in  the  roof  is  inconvenient  from  the 
shifting  of  timbers  in  soft  material  and  from  the  difficulty  of  getting 
good  holes  in  the  right  place  in  friable  or  uncertain  material,  and  from 
the  difficulty  of  drilling  the  holes  and  setting  the  instruments  under  the 
plugs.  This  operation  is  not  so  difficult  in  solid  material,  particularly 
when  the  modern  method  of  driving  the  top  heailiug  first  is  employed. 
Some  stations  in  the  roof  are  convenient  and  often  essential,  but  I  have 
found  it  almost  imperative  to  keep  the  definite  alignment  of  curves  in 
the  bottom,  where  the  line  and  distance  can  be  conveniently  re-run  and 
checked,  and  for  this  purpose  have  frequently  set  stakes  in  cement 
mortar,  filling  crevices  or  depressions  in  the  rock  bottom  to  hold  the 
stakes.  On  a  long  curve,  stations  in  the  bottom  at  a  few  hundred  feet 
apart  can  be  made  to  carry  the  line  Avith  accuracy,  while  plugs  in  the 
roof  may  l)e  used  for  a^jproximate  alignment  by  direct  sight  for  straight 
work  and  by  deflection  distances  from  line  of  sight  for  curves. 

The  "Sunflower  "  instrument  is  a  simple  and  ingenious  contrivance 
for  securing  correct  cross-sections  of  tunnels,  particularly  where  the 
sections,  as  in  the  New  Aqueduct,  are  circular  or  approximately  of  the 
same  width  and  height. 

In  some  narrow-gauge  tunnels  16^  feet  high  and  11  feet  wide, 
with  semicircular  roof  and  battened  sides,  the  contractors  had  kept  the 
top  at  correct  height  but  too  narrow,  and  it  became  necessary  to  deter- 
mine just  how  much  widening  would  have  to  be  done  on  either  side  at 
the  springing  line.  A  vertical  rod  was  used  having  a  framed  right- 
angled  triangle  suspended  by  and  made  to  swing  about  a  pin  at  the 
vertex  of  the  triangle  and  passing  through  the  vertical  rod  near  its  top, 
approximately  at  the  top  of  the  tunnel.  The  horizontal  side  of  the 
triangle  corresponded  in  position  to  the  radius  of  the  tunnel  arch  and 
was  made  a  little  longer  than  this  radiixs  and  graduated  for  measure- 
ment from  the  outer  end  towards  the  center  line  of  the  tunnel.  A  long 
handle  served  to  control  the  movements  of  the  triangle.  When  the  rod 
was  p'aced  vertically  over  a  station  in  the  bottom  of  the  tunnel  and  the 
outer  end  of  the  horizontal  side  of  the  triangle  placed  against  the  side  of 
the  tunnel  the  reading  on  this  horizontal  side  at  the  rod  indicated  the 
width  from  the  center  to  the  side  of  the  tunnel  with  sufficient  accuracy 
to  determine  how  much  cutting  would  have  to  be  done  at  this  point. 

The  cross-section  instrument  described,  and  Mr.  Watkins'  paper  on 
"A  Method  of  Taking  Cross  Sections  in  Deep  Eock  Cuts,"  recalls  an 
instrument  used  in  ci'oss-sectioning  some  extensive  railway  cuttings  in 
Peru,  the  idea  of  this  instrument  itself  having  been  suggested  by  some 


36  DISCUSSION   ON   TUNNEL   SURVEYING. 

papers  in  London  Engineering  iu  1872-73  on  telemeters  as  applied  to 
determining  range  for  ordnance. 

On  a  tripod  with  leveling  screws  a  horizontal  bar  was  mounted  to 
revolve  in  a  horizontal  plane  and  also  about  its  own  axis.  At  one  end  of 
this  bar  a  telescope  was  firmly  fixed  at  right  angles  to  it  with  a  graduated 
circle  to  determine  the  angle  made  by  this  telescope  with  the  horizon. 
At  the  other  end  of  the  bar  a  second  telescope  was  set  to  revolve  in  the 
plane  of  the  bar,  and  the  first  telescope  Avith  a  graduated  circle  to  deter- 
mine the  angle  made  between  the  line  of  sight  of  this  telescope  and  the 
bar.  The  length  of  the  bar  between  the  lines  of  sight  of  the  two  tele- 
scopes was  just  one  meter  and  the  bar  and  the  two  telescopes  wouM,  in 
any  of  the  ordinary  positions,  form  a  right-angled  triangle  with  a  hori- 
zontal base  one  meter  long. 

Suppose  the  instrument  placed  at  any  station  in  the  'ine  of  the 
cutting  ;  the  elevation  of  the  station  and  horizontal  bar  known  ;  the  bar 
placed  in  the  line  of  the  cutting  on  straight  work  or  tangent  to  the  curve 
on  curved  work  ;  the  first  telescope,  called  "A,"  sighted  to  any  point 
on  the  side  of  the  cutting,  and  the  second  telescoi)e,  called  "B," 
sighted  to  the  same  point  :  the  reading  of  the  telescope  "B"  would 
give  an  angle  whose  tangent  would  correspond  with  the  distance  in 
meters  of  the  point  sighted  at  from  the  axis  of  the  instrument,  the  hori- 
zontal bar  or  base  line  of  the  instrument.  The  field  notes  for  this  instru- 
ment would  be  something  like  this: 

station. 
30 

Observations  having  been  taken  for  the  different  j^oints  of  change 
in  the  cross-section,  it  could  be  plotted  on  cross-section  paper  and  its 
area  determined. 

The  instrument  described  was  crudely  constructed  from  the  parts  of 
two  old  English  transits  Avhich  had  been  wrecked  in  the  work  and  was 
never  extensively  used,  for  the  reason  that  the  builder  became  engrossed 
in  jnore  pressing  work  where  the  cross-sectioning  of  great  cuttings  did  not 
often  occur,  and  those  who  succeeded  him  found  the  older  and  cruder 
methods  sufficiently  accurate  and  convenient  for  their  ])nrpnse,  and  were 
in  conse(iuence  not  much  interested  in  the  development  of  the  instru- 
ment. To  have  built  a  satisfactory  instrument  for  this  work  would  have 
involved  the  sending  to  American  or  English  instrument-makers  at  a  cost 
in  time  of  perhaps  a  year's  delay.  An  insti'ument  of  this  kind  would 
only  be  valuable  under  two  princiiial  conditions,  both  of  which  prevailed 
on  the  Peruvian  lines. 

First — Where  the  sections  were  of  pacul'ar  shape  and  very  large,  and 
the  points  of  change  often  inaccessible,  cuttings  often  occurred  whose 
center  depth  was  over  100  feet,  and  whose  slopes,  due  to  disturbance  of 


Elevation  of  Axis 
of  Inst. 

Vertical  Angle 
A. 

Angle 
B. 

Distance  =  tan.  B. 

Meters.  . 

Notes. 

13.20 

45°  0' 

85^  0' 

11.43 

DISCUSSION    ON    TUNNEL    SUEVEYING.  37 

unreliable  material,  would  sometimes  run  back  several  hundred  feet  from 
the  center  line. 

Second. — Where,  as  was  often  the  case,  there  would  be  but  one  or 
two  skilled  men  in  the  entre  party,  the  assistants  being  little  better 
than  the  peon  labor  of  the  country. 

Our  New  Aqueduct  has,  in  one  thing  at  least,  been  specially  favored 
in  having  at  all  times  at  easy  call  an  abundance  of  skilled  assistants  who 
could  be  relied  upon  to  execute  difficult  work  with  credit,  and  these 
have,  I  believe,  generally  had  all  the  time  necessary  to  execute  their 
work  with  care  and  accuracy. 

Mr.  Watkins. — The  cross-section  instrument  described  by  Mr. 
Nichols,  and  used  in  cross-sectioning  some  large  railway  cuttings  in 
Peru,  is  an  excellent  example  of  what  may  be  done  in  the  solving  of 
difficult  problems,  by  the  engineer,  with  a  little  ingenuity  in  using 
the  materials  at  hand.  The  instrument  as  described,  could  be  used 
directly  in  the  plane  of  the  cross-section  to  be  taken,  but  the  base  of  the 
triangulation,  but  1  metre  in  length  (the  distance  between  the  two 
telescopes),  is  rather  short.  The  extra  labor  of  carrying  additional 
instruments  to  the  working  point  was  probably  the  reason  of  that 
method  being  abandoned  and  cruder  means  used. 

By  the  method  of  triangulation,  described  in  my  jDaper  on  "A 
Method  of  Taking  Cross-Sections  in  Deep  Rock  Cuts"  [Transactions, 
June,  1890),  no  additional  instruments  were  required  but  the  extra 
attachments  of  a  vertical  circle  and  level  tube  frequently  supplied  to  an 
engineer's  transit.  The  range  of  the  vertical  swing  of  the  telescope  in 
such  transits  is  too  limited  to  pla.-e  the  instrument  in  or  near  the  plane 
of  the  cross-section  to  be  taken;  but  by  moving  100  feet  or  more  away  on 
the  central  line,  a  good  measured  base  can  be  obtained  equal  or  longer 
than  the  distance  to  be  triangulated  and  all  the  points  in  the  section 
brought  within  the  range  of  the  insti;ument. 

A  very  interesting  instrument  for  measuring  the  interior  of  a  tunnel, 
or  of  a  finished  masonry  conduit,  was  used  during  the  construction  of 
the  Sudbury  River  Conduit,  under  the  direction  of  Mr.  A.  Fteley,  Vice- 
President  Am.  Soc.  C.  E.,  and  with  his  permission  I  have  here  re-iaro- 
duced  the  drawings  and  description. 

In  the  official  report  of  that  work,  Mr.  Fteley  says  : 

"After  the  conduit  was  finished,  diagrams  showing  the  measure- 
ments of  its  interior  were  made  at  every  station,  wherever  the  circum- 
stances of  the  construction  had  been  such  as  to  demand  special  attention; 
these  diagrams  made  with  a  special  apparatus,  represent  in  full  size  the 
irregularities  of  the  interior,  as  it  is  built,  in  comparison  with  the 
theoretical  outline  of  the  section,  drawn  at  a  much  reduced  scale. 
By  this  methoil  the  irregularities,-  if  any,  are  made  much  more  con- 
spicuous, and  the  exaggerated  distortion  of  the  outlines  defines  very 
clearly  the  slight  movement  of  the  structure  and  the  defects  of  con- 
struction. Some  valuable  information  was  obtained  from  these  dia- 
grams. 
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"As  the  construction  was  to  cover  some  years  there  was  ample  time 
to  make  the  improvements  suggested  by  the  close  study  of  the  portions 
first  built. 

"The  apisaratus  used  was  suggested  at  first  by  the  necessity  of 
measuring  with  accuracy  the  rock  section  of  a  tunnel ;  it  was  afterwards 
perfected  to  be  used  in  the  brick  structure." 

Fig.  1,  Plate  YIII,  represents  the  inside  of  the  brick  sewer  or  con- 
duit at  the  section  to  be  measured. 

A  board,  G  D,  is  leveled  up  by  the  screws,  S,  and  firmly  wedged  across 
the  conduit,  so  that  the  point,  0,  is  at  the  theoretical  height  of  the 
spring  line  and  on  the  center  of  the  structure. 

A  light  wooden  rod,  R,  carries  at  one  end  a  slot  which  slides  on  a  pin, 
fixed  at  the  point  0.  At  P  is  a  pencil,  aud  at  the  other  end  of  the  rod  is 
fitted  a  little  wheel.  On  the  board,  C  D,  is  fixed  a  tablet  A;  on  a  sheet  of 
paper  jjinned  on  the  tablet  is  drawn,  at  a  given  scale,  the  theoretical  out- 
line of  the  section  of  the  brick  masonry,  with  its  center  at  0.  The  rod 
is  then  moved  by  hand  in  a  plane  normal  to  the  axis  of  the  conduit,  so 
that  the  wheel  will  roll  along  the  brickwork.  The  pencil,  P,  is  so  placed 
that  if  the  brick  surface  was  i^erfectly  correct  the  pencil  would  cover 
the  theoretical  line  drawn  on  the  paper. 

"  It  may  be  seen  that  the  diagram  when  completed,  will  show  in  full 
size  on  the  section  drawn  at  a  small  scale  all  the  deviations  of  the  brick 
surface  from  the  true  line. 

"  The  conduit  to  which  this  method  was  applied  was  9  feet  in 
width  by  7  feet  8  inches  high  ;  with  a  semicircular  brick  arch 
supi^orted  ou  side  walls  of  masonry  lined  with  brick  ;  the  invert  of 
brick  was  supported  by  a  bed  of  concrete. 

"  The  arch  was  measured  as  shown  lief  ore.  The  irregularities  in  the 
curves  of  the  sides  and  invert  (the  centers  of  which  were  outside  of 
the  structure)  were  measured  by  a  system  of  ordinates,  which  by  a 
special  arrangement  (shown  on  the  figure)  for  measuring  the  depart- 
ure from  the  theoretical  in  the  direction  of  the  radius,  could  be  very 
'  expeditiously  taken  and  recorded  on  the  diagram. 

"  About  sixty  sections,  a  considerable  distance  apart,  could  on  an 
average  be  taken  in  one  day.     The  diagrams  were  on  a  scale  of  -oV  " 

Figure  2  is  an  example  of  one  of  these  diagrams  where  some  settle- 
ment had  occurred,  showing  the  theoretical  section  on  a  scale  of  -/q,  and 
t'.:e  irregularities  of  the  masonry  at  full  size.  To  the  novice  in  this 
system  of  measurements  the  effect  is  rather  startling,  the  actual  varia- 
tion being  magnified  twenty  times. 

Figure  3  shows  the  theoretical  section  and  irregularities  on  the 
same  scale. 

A  large  part  of  this  work  was  on  high  embankments  or  over  yielding 
ground.  To  those  in  charge  the  indications  given  by  the  diagrams  were 
most  useful,  aud  in  some  cases  they  prevented  local  failures  ;  they  not 
only  enabled  them  to  better  adapt  the  design  to  circumstances,  but  they 
gave  the  means  of  detecting  and  preventing  the  negligence  of  the 
builders,  and  it  is  thoiight  that  in  many  cases  some  measurements  of  this 
kind  would  be  of  great  assistance  to  constructing  engineers. 
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A    PRACTICAL    METHOD    FOR    REDUCING    THE 
INTERNAL  WASTES  OF  THE  STEAM-ENGINE. 


Bj'  Robert  H.  Thurston,  M.  Am.  See.  C.  E. 


In  the  operation  of  the  steam-engine,  experiment  and  observation 
show  that  the  great  losses  of  heat,  steam  and  fuel  which  distinguished 
the  real  from  the  ideal  engine,  and  which  constitute  the  greater  part  of 
the  discrepancy  between  the  computed  thermo-dynamic  efiSciency  and 
the  efficiency  of  the  engine  in  actual  working,  are  due  to  waste  of 
beat  internally  by  the  alternate  absorption  of  heat  by  the  metallic  sur- 
faces of  the  cylinder-heads  and  j)iston  and  the  ejection  of  that  heat  later 
to  the  condenser,  if  it  be  a  condensing  engine,  or  in  non-condensing 
engines  into  the  atmosphere.  Many  attempts  have  been  made  to  reduce 
this  loss,  as  by  rendering  the  internal  surfaces  less  perfect  conductors  and 
absorbers  of  heat,  by  superheating  the  entering  steam,  and  by  "com- 
pounding" the  engine.  All  of  these  methods  are  familiar  to  the  engineer 
and  have  been  more  or  less  successful.  The  steam  jacket  has  also  been 
employed,  and  the  internal  surfaces  have  been  covered  with  non-con- 
ductors of  heat  by  various  inventors  ;  but  no  device  of  this  kind  yet 
introduced  or  tested  experimentally  has  been  efficient  and  permanent. 

The  object  of  an  invention  of  tha  writer  is  to  provide  an  effective  non- 
conducting surface  for  the  internal  surfaces  of  the  steam-engine  cylinder, 
formed  integrally  with  the  castings  of  which  the  engine  is  comi^osed. 

It  is  well  known  that  ordinary  cast-iron  is  largely  graphitic,  the  car- 
bon contained  bv  the  iron  amounting  to  from  2  to  3  per  cent,  of  the  whole 
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ujD  to  5  or  6  per  cent.,  accordingly  as  the  iron  has  been  exposed  to 
a  higher  or  lower  temperature  in  the  blast  furnace,  and  as  a  greater  or 
less  amount  of  fuel  is  burned  in  its  reduction  from  the  ore.  It  is  also 
well  known  that  a  process  of  slow  oxidation  will  remove  the  iron,  in 
part,  from  the  surface  so  exposed  and  leave  the  carbon  in  a  somewhat 
compact  form,  which  is  held  in  place  by  a  honey-combed  mass  of 
unoxidized  iron.*  This  mixture  covers  the  surface  of  the  solid  iron  to 
a  depth  depending  upon  the  method  and  duration  of  the  action  of  the 
oxidizing  medium. 

One  of  the  best  methods  of  securing  the  oxidation  of  the  iron  is  to 
subject  it  to  a  dilute  acid — say,  for  examj^le,  a  solution  of  siTljjhuric  acid 
in  water  in  the  proportion  of  one  part  of  acid  to  ten  or  more  of  water. 
The  writer  has  found  that  a  piece  of  iron  submitted  to  a  very  weak  solu- 
tion of  acid  for  ten  days  produced  good  results,  the  graphitic  surface 
being  fairly  dense  and  compact. 

The  idea  is  to  expose  the  internal  jsarts  of  the  engine  (such  as  the 
heads  of  the  cylinder,  the  two  sides  of  the  piston,  the  internal  surfaces 
of  the  ijorts,  and  the  clearance  space)  to  the  action  of  such  a  solvent  for 
a  suitable  length  of  time,  thus  converting  those  surfaces  into  highly 
carbonized  material,  which  is  a  comparatively  poor  conductor  of,  and 
has  a  low  capacity  for,  heat.  It  is  impracticable  to  so  treat  the  rubbing 
surfaces;  but,  as  they  are  kejot  in  a  high  state  of  polish,  their  capacity 
for  taking  up  heat  is  thus  greatly  lessened,  and  it  is  therefore  not  so 
necessary  to  treat  the  surfaces  subjected  to  friction. 

In  modern  engines,  especially  those  of  the  "  high-sijeed  "  type,  the 
cylinders  are  of  large  diameter  and  small  length,  and  the  stroke  of  the 
piston  is  short,  thus  exj)osing  large  areas  of  piston  and  cylinder-head, 
which  are  effective  in  condensing  the  steam  and  reducing  the  efficiency 
of  the  engine.  These  large  areas  I  propose  to  treat  in  the  manner 
described. 


Eeferring  to  the  drawing,  the  interior  surfaces  of  the  heads  a  and 
the  interior  surfaces  of  the  ports  and  passages  of  the  cylinder  A  are  pro- 

*  Shown  by  analyses  made  by  the  writer  as  early  as  1859. 
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vided  with  a  coating,  h,  of    grai^liite  produced  in  the   manner  above 
described.     Opposite  sides  of  the  piston,  B,  are  treated  in  like  manner. 

In  addition  to  rendering  the  surfaces  graphitic  in  the  manner 
described,  we  may  fill  the  si^ongy  surfaces  so  prepared  with  a  sub- 
stance which  ia  a  non-conductor  of  heat — such  as  drying  oils,  shellac, 
or  other  adhesive  non-conducting  materials — which  will  decrease  the 
conducting  and  heat-storing  properties  of  the  surfaces,  and  at  the 
same  time  aid  in  giving  them  permanence  in  the  presence  of  variations 
of  temperature,  pressure  and  humidity,  such  as  inevitably  occur  in  all 
engines. 

The  effectiveness  of  this  plan,  as  devised  by  the  writer,  was  studied, 
and  its  influence  on  the  eflScacy  of  the  engine  was  investigated,  at  his 
request,  by  Mr.  P.  M.  Chamberlain,  in  the  Sibley  College  laboratories, 
Cornell  University,  in  the  early  part  of  the  present  year. 

An  engine  built  especially  for  the  laboratory  and  for  experimental 
work  by  the  Messrs.  Payne,  of  Elniira,  N.  Y.,  was  employed,  and  the 
process  consisted  in  measuring  the  flow  of  heat  through  its  head  into 
a  calibrated  calorimeter.  Several  series  of  trials  were  made  at  various 
times,  and  under  differing  conditions,  each  usually  lasting  forty  minutes. 

In  the  first  trial  a  head  was  made  for  the  steam  cylinder  of  what  is 
familiar  in  the  foundries  of  Western  New  York  under  the  name  of 
"  Tuscarora  "  iron.  Its  thickness  was  one  inch.  The  outer  face  was 
smoothly  polished,  as  is  usual;  the  inside  was  simply  smoothly  faced-off 
in  the  lathe  with  the  ordinary  finishing  cut.  The  inner  face  was  tested 
under  conditions  described  as  follows: 

Condition  of  Inner  Sukface. 
As  finished;  greasy. 
As  finished;  greasy. 

Same;  washed  clean  with  benzine  and  dried. 

Oiled  with  lubricating  oil. 

Washed  clean  with  benzine. 

After  exposure  to  nitric  acid  sixteen  hours  ;  then 
oiled  with  liuse(Kl  oil. 

13.  )  Similarly   treated   with    hydrochloric   acid,    and 

14.  f  oiled  after  twelve  hours'  exposure. 
jg  j  Sulphuric  acid,  1;  water,  2;  for  forty-eight  hours; 
jg   >•  then    oiled,    and   allowed   to    dry   twenty-four 

)  hours. 
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Eankine's  formula  was  employed  in  making  comj)arisons  :  * 
_  t'  —t 

^  ~  6'  -\-  6  -\-  p  X  ' 

in  which  f  and  t  are  the  temiseratures  of  fluid  on  each  side  the  i)late, 
6'  and  6  are  the  resistances  to  heat-transmission  through  those  surfaces, 
and  p  is  the  co-eflficient  of  internal  thermal  resistance,  and  which  may 
be  neglected  as  insensible  here.  The  equation  gives  q  the  quantity  of 
heat,  in  B  T  U,  transmitted  per  square  foot  per  hour. 

Let  Q  =  total  heat  transmitted,  then  for  the  case  in  hand, 


Q     _ 


=  8.772 


Q 


^         2    0.171 

The  value  of  Q  varied  from  about  5  550  B  T  U  in  cases  1  and  2  to 
3  000  and  3  100  in  cases  15  and  16,  as  shown  in  the  table  which  follows : 

TABLE. 


No.  Test. 

Q. 

V—  t. 

6'  -^d  +  px. 

1 

5550.9 

236.0 

0.004844 

2 

5566.4 

238.0 

4874 

3 

5444.2 

238.8 

4854 

4 

5139.3 

239.1 

5303 

5 

5055.8 

239.8 

5410 

6 

5523.9 

236.4 

4878 

7 

5444.3 

236.9 

4962 

8 

5620.4 

233.7 

4740 

9 

5515.6 

234.7 

4851 

10 

5101.9 

236.6 

5286 

11 

5439.7 

235.7 

4950 

12 

5581.8 

235.6 

4812 

13 

5347.5 

234.3 

4985 

14 

5741.1 

233.5 

4635 

15 

3020.4 

225.3 

8279 

16 

3104.9 

225.5 

8503 

In  the  first  four  runs  the  gradual  increase  in  resistance  noted  was 
attributed  to  the  gathering  of  rust  on  the  exterior  surface,  no  oil  being 
used  to  protect  it  from  the  water,  and  to  the  gradual  loss  of  greasiness  on 
the  interior.  In  Nos.  3,  4,  5  no  sensible  change  appears  other  than  the 
gradual  alteration  just  noted  ;  nor  is  any  notable  result  attained  until  the 
last  pair  of  data  are  reached.  It  then  becomes  evident  that  treatment  with 
drying  oil,  even  after  so  short  a  period  of  exposure  to  acid  and  so 

*  steam  Engine,  p.  258. 
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short  a  time  allowed  for  drying,  lias  an  exceedingly  imiiortant  effect  in 
reducing  conductivity  and  preventing  heat  storage  and  transmission. 

By  even  a  superficial  treatment  with  acid  and  oil,  the  saving  of  heat 
is  40  per  cent. 

8500  —  5000        ^  ,^ 
—8500 =0.40,  nearly, 

and  this,  it  would  seem,  should  measure  the  proportion  by  which  inter- 
nal cylinder  condensation  is  diminished.  With  more  prolonged  treat- 
ment with  acid  and  a  more  efficient  absorption  of  oil  and  more  complete 
drying,  the  gain  would  be  considerably  greater  than  here  appears,  and 
as  will  be  hereafter  shown.  The  writer  has  estimated  that  this  simple 
treatment  may  reduce  cylinder-waste  by  at  least  half ;  which,  in 
ordinary  practice,  means  from  10  to  20  per  cent,  of  all  steam  used,  the 
figure  being  greatest  with  smallest  sizes  of  engine. 
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THE    DEWITT   OLIISTTOK 


By  G.  H.  Thomson,  M.  Am.  See.  C.  E. 


The  locomotive  "DeWitt  Clinton  "  was  the  third  engine  built  by  the 
West  Point  Foundry  Association,  of  New  York  City. 

The  first  engine  (the  "Best  Friend")  exploded;  the  second  engine 
was  a  failure;  the  DeWitt  Clinton  was  a  success. 

The  first  passenger  train  of  America  was  drawn  by  the  DeWitt  Clin- 
ton, August  31st,  1831,  over  the  Mohawk  and  Hudson  Railroad  (now 
the  New  York  Central  and  Hudson  River  Railroad)  from  Lydia  Street 
Depot,  Albany,  N.  Y.,  to  Schenectady,  17  miles  distant. 

At  Albany  the  ascent  from  the  Hudson  River  to  Lydia  street  was 
made  by  inclined  plane.  The  DeWitt  Clinton  left  Lydia  street  in  good 
condition  and  continued  the  up-grade  trip  to  a  jioint  half-way  between 
Albany  and  Schenectady,  when  she  stopped.  Here  the  line,  which  had 
thus  far  been  straight,  was  about  to  deflect  three-quarters  of  a  degree,  and 
the  angle  being  made  at  once  (curves  not  then  being  known)  she  stopped. 
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and  having  turned  the  three-quarters  of  a  degree,  proceeded  on  to 
Schenectady,  where  the  train  safely  arrived,  having  made  the  journey  in 
about  one  hour. 

Before  the  train  left  Lydia  street  a  Mr.  Brown  (an  artist  in  silhouette) 
made  a  picture  of  the  train,  including  passengers;  this  sketch  was 
deposited  in  the  Connecticut  Historical  Society,  and  about  fifteen  years 
ago  was  published,  and  is  known  as  the  Howard  drawing.  The  outline 
of  the  DeWitt  Clinton  in  this  picture  is  good  and  also  those  of  the  cars, 
but  there  have  been  added  to  the  published  picture  two  misstatements 
which  should  be  corrected  for  history's  sake.  The  first  error  is  in  the 
name  of  the  engine,  there  given  as  the  John  Bull.  It  should  be  stated 
here  that  the  engine  John  Bull  did  not  resemble  the  DeWitt  Clinton. 
The  John  Bull  was  a  heavier  engine,  and  had  been  selected  to  make  the 
run  to  Schenectady,  but  not  arriving  from  Europe  in  time,  the  DeWitt 
Clinton  was  sent  to  Albany  and  did  jjull  the  first  passenger  train,  as 
above  stated. 

The  second  error  is  the  statement  that  the  engineer  that  pulled  this 
first  train  was  John  Hampson,  an  Euglishman.  The  name  of  the  engi- 
neer was  David  Matthews,  a  man  still  alive,  and  somewhere  near  ninety 
years  old. 

The  following  letter  explains  itself: 

"1161  Howard  Street, 
San  Francisco,  C'al.  July  21st,  1885. 
"  ^G.  H,  Thomson, 

Civil  Engineer  Room  21  Grand  Central  Depot, 

New  York  City." 
"  My  Dear  Sir:" 

"Yours  of  July  12th  is  to  hand  with  the  Photograph  of  My  Old 
Locomotive  Engine  DeWitt  Clinton  Which  I  highly  appreciate  as  it  is 
a  rare  production  in  comparing  it  with  My  Drawings  I  find  sum  thing 
that  does  not  come  up  to  the  i^oint  but  they  are  errors  in  the  drawing 
that  the  Steam  doom  is  to  high  and  the  Smoke  pipe  is  to  large  in  diam- 
eter and  the  shape  at  the  botem  is  not  right,  but  it  is  as  correct  as  most 
drawing  of  such  difficult  pieces  of  Machinery,  I  made  a  drawing  of  her 
when  I  placed  her  on  the  road  which  is  Fifty  four  years  past  the  last  June 
and  this  time  fifty  four  years  ago  I  was  harnising  up  the  Young  Iron 
horse,  that  Weighed  only  three  and  Half  ton.  that  was  the  limited  weight 
for  her  and  shee  was  Made  of  the  best  Material  and  braught  down  to  the 
finest  proportions  and  Finish  such  as  never  Since  been  done  you  will 
See  on  examining  the  pair  of  wheels  that  is  left  of  hers,  that  they  are  a 
curiosity  in  themselves  and  are  What  I  call,  a  reglar  Gerder  Moving  Sus- 
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pension  Bridge  each  aime  is  a  road  that  suspends  the  load  from  the  top 
corde  and  is  brasing  from  the  hub  to  the  perifery  Each  arme  is  duftailed 
in  the  fella,  and  ground  so  that  it  has  perfect  fit  and  is  Supported  by  a 
nut  in  the  hub  theas  arms  wear  all  bright  and  was  cej)  so  that  they 
through  thear  shadow — when  the  Sun  Struck  them  that  give  a  butiful 
sight,  I  was  at  this  time  Fifty  four  years  ago  Preparing  this  DeWitt 
Clinton  for  the  corce  I  left  my  Fathers  &  Mothers  House  on  the  twenty 
fifth  day  of  June  1831  that  was  North  More  St.  New  York  City  and 
was  Exiierimenting  and  fitting  up  tender  Cover  &c  training  her  to  the 
track  till  the  9th.  Day  August  1831  When  I  took  the  Colt  and  gave  the 
old  boys  a  Eide  be  hind  him  over  the  hills  to  the  Mohawk  " 
"Respectfully  &c." 

(Signed) 

David  Matthews. 

The  DeWitt  Clinton  was  dismantled  in  1848.  One  cylinder  went  to 
West  Troy  and  became  part  of  a  stationary  engine;  the  other  was  said 
to  have  been  used  on  a  small  ferry-boat.  One  pair  of  driving-wheels 
is  at  present  at  the  Grand  Central  Depot,  New  York,  and  attests  the 
close  scaling  of  the  drawing  from  which  this  photograph  was  made. 

The  drawing  of  the  "DeWitt  Clinton,"  on  a  scale  1  inch  =  1  foot, 
was  executed  by  L.  P.  Hannas;  the  lines  are  clear  and  shading  neatly 
done.  The  exact  date  when  the  drawing  was  made  is  unknown,  but 
can  be  shown  to  have  been  jarior  to  1840,  and  to  have  been  made  from 
measurements.  The  lettering,  "First  locomotive  of  the  M.  &  H.  E.  E., 
1832,"  and  "Albany  &  Schenectady  Division,  N.  Y.  C.  E.  E.,"  was  added 
between  the  years  1853  and  1856. 

The  drawing  of  the  DeWitt  Clinton  (see  Plate  IX),  now  in  the 
Society  rooms  at  New  York,  is  not  the  engine  as  built ;  the  wheels 
there  shown  are  like  the  actual  wheels,  but  the  number  of  spokes  is 
shown  as  one  too  many,  and  the  boiler  and  some  other  details  were 
not  built  after  this  design.  Possibly  this  drawing  might  have  been  the 
first  study  for  this  engine. 
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THE  EIVER  SPANS  OF  THE  CINCINNATI  AND 
COVINGTON  ELEVATED  RAILWAY,  TRANS- 
FER AND  BRIDGE  COMPANY. 


By  Wllliam  H.  Buek,  M.  Am.  Soe.  C.  E. 


WITH  DISCUSSION. 


The  structure  wliicli  forms  tlie  siibject  of  this  j^aj^er  crosses  the  Ohio 
River  at  Cincinnati,  Ohio,  and  with  its  approaches  forms  a  jDart  of  the 
Chesapeake  and  Ohio  Eailroad  system.  It  acquires  its  interest  as  a  j^iece 
of  engineering  chiefly  from  the  magnitude  of  the  individual  spans  of 
which  it  is  comiJosed.  There  were  no  si^ecial  engineering  difficulties  to 
be  overcome  either  in  the  substructure  or  superstructure,  but  the  central 
si^an  of  the  three,  550  feet  long  between  centers  of  piers,  and  84  feet 
deep  between  centers  of  chords,  is  the  greatest  simple  non-continuous 
truss  span  yet  constructed.  The  two  sj^ans  which  flank  the  center 
or  main  channel  span  are  490  feet  each  between  pier  centers,  with 
center  depths  of  75  feet;  and  the  fact  that  all  the  spans  carry  a  double 
track  railway  with  two  roadwajs  and  two  sidewalks,  renders  them  also 
tbe  heaviest  non-continuous  trusses  which  have  vet  been  built  either  in 
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this  country  or  in  Eurojie.  The  detail  drawings  accompanying  tliis 
paper  show  all  the  main  features  of  the  trusses  and  floor  systems  and 
their  connections  which  are  of  any  special  interest.  As  they  indicate, 
all  the  main  jjarts  of  the  trusses  are  of  steel,  while  the  lateral  and  trans- 
verse systems  of  bracing  and  the  floor-beams  and  stringers  are  of 
wroughtiron. 

With  the  excei^tion  of  the  connection  between  the  floor-beams  and 
posts,  and  the  web  system,  there  will  be  foiiud  few  features  not  ordi- 
narily included  in  the  best  American  practice  for  heavy  spans.  All 
connections  are  central,  and  so  designed  as  to  eliminate  essentially  all 
secondary  stresses.  The  system  of  web  members  used,  and  which  has 
been  developed  by  the  Phcenix  Bridge  Company  for  its  long  spans,  is 
seen  to  be  single,  and  it  is  of  interest  in  passing  to  note  that  if  a  single 
system  of  bracing  may  be  used  for  trusses  of  the  dimensions  and  weight 
of  these  under  consideration,  there  would  seem  to  be  no  case  where  it 
may  not  be  advantageously  employed.  There  is  thus  avoided  all  the 
ambiguity  and  secondary  stresses  which  are  inevitable  to  a  greater  or  less 
degree  when  any  multiple  system  of  web  members  is  used. 

The  boring  of  individual  truss  members  was  done  with  siich  lengths 
as  would  eliminate  all  secondary  stresses  whatever  at  a  condition  of 
loading  intermediate  between  no  moving  load  and  a  full  moving  load. 
As  the  latter  condition  of  loading  will  very  rarely  occur,  these  normal 
lengths  will  reduce  the  secondary  stresses  to  an  absolute  miuimiim;  in 
fact,  will  reduce  them  to  such  snaall  magnitude  as  to  leave  them  with  no 
importance  whatever.  The  connection  between  the  floor-beams  and 
posts,  which  is  made  by  means  of  close-fitting  turned  bolts  in  holes 
drilled  with  those  members  assembled,  is  of  such  a  character  as  to  secure 
all  the  advantages  of  a  rigid  connection  and  at  the  same  time  eliminate 
all  tension  upon  the  connecting  bolts,  leaving  them  to  transfer  shear 
only;  at  the  same  time  the  weights  of  both  railway  and  higlnvay^floor 
systems  are  transferred  centrally,  so  as  to  bring  an  equal  distril  mtion  of 
weights  upon  all  of  the  web  members  intersecting  at  any  lower  chord 
panel  point.  Under  the  requirements  of  the  specifications  all  rivet  holes 
in  the  plates  and  angles  forming  the  upper  chords  and  end  posts,  and 
nearly  all  intermediate  posts,  Avere  made  with  multiple  drills  of  six  drills 
in  a  gang.  The  only  exceptions  to  this  statement  were  some  light  plates 
and  angles  in  a  few  of  the  intermediate  posts,  which  Avere  piinched  and 
reamed. 
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Much  difficulty  was  experieuced  in  obtainiug  metal  for  the  heavy 
plate  liuks  at  the  upper  ends  of  the  end  posts  Avhieh  would  fill  the 
requirements  of  the  specifications,  or  sufficiently  near  thereto.  A  num- 
ber of  steel  plate  makers  felt  confident  of  being  able  to  prodiice  such 
thick  and  heavy  plates  as  would  meet  the  requirements  of  this  case, 
biit  repeated  trials  were  failures.  The  metal  would  be  very  low  in 
elastic  limit  as  well  as  in  ultimate,  and  develop  porous  places  in  the 
interior  of  the  mass.  The  whole  difficulty  lay  in  the  small  amount  of 
work  which  was  put  upon  the  metal  between  the  ingot  and  finished 
plate.  Messrs.  Graff,  Bennett  &  Co.  finally  produced  a  number  of  plates 
of  open  hearth  steel  which  met  the  requirements  of  the  specifications. 
Their  financial  difficulties  coming  on  at  this  time,  however,  prevented 
their  completion  of  more  than  a  few  only  of  the  plates  required.  The 
remaining  plates  for  these  heavy  links  were  made  of  Bessemer  steel  and 
produced  at  the  Homestead  Mills  of  Messrs.  Carnegie,  Phipps  ct  Co. 
The  experience  with  these  plates  was  very  interesting  in  itself,  although 
the  difficulties  encountered  threatened  at  one  time  to  result  in  a  serious 
delay  to  the  progress  of  the  work.  It  demonstrated  in  a  peculiarly 
clear  and  eff"ective  manner  the  improvement  in  the  quality  of  the 
metal  produced  by  an  increased  amount  of  work.  The  most  porous 
portions  of  several  plates  were  a  number  of  times  wor'.ed  down  under 
a  hammer  to  bars  of  most  excellent  steel,  alike  in  respect  to  its  elastic 
limit,  ultimate  resistance  and  ductility. 

The  7-inch  steel  eye-bars  were  forged  from  open  hearth  steel,  while 
the  8-inch  bars  were  forged  from  Bessemer  steel. 

The  steel  pins  were  forged  from  open  hearth  metal. 

Before  proceeding  with  the  actual  shop  work  on  these  sj^ans,  many 
careful  tests  on  the  effect  of  the  various  shoi^  manipulations  of  the  steel 
material  were  made  in  order  that  the  greatest  confidence  might  be 
placed  in  the  resulting  work.  Kivets  both  with  counter-sunk  and  full 
heads  on  one  and  both  sides  of  plates  were  driven,  and  the  hammer- 
ing continued  throughout  the  stage  of  blue  heat  as  the  metal  cooled 
down ;  heads  were  then  knocked  off,  or  the  counter-sunk  rivets 
driven  out  in  such  a  way  as  to  give  their  material  as  much  abuse  as 
pos-ible.  The  resiilts  of  these  tests  were  in  every  way  highly  satisfac- 
tory and  showed  that  the  material  selected  was  admirably  adapted  to 
its  puri^ose.  They  also  revealed  the  fact  that  with  proper  material  in 
steel  rivets,  that  is,  with  phosphoriis  not  over  about  five  hundredths  of 


50  BURR    ON   RIVER   SPANS   OF    CINCINNATI    BRIDGE. 

one  per  cent. ,  and  witli  an  ultimate  resistance  of  about  60  000,  they  can 
be  iised  so  as  to  stand  more  abuse  than  tliose  of  iron  and  give  far  more 
strength  and  toughness. 

Steel  plates  were  also  sledged  with  heavy  hammers  and  stretched  at 
varioiis  j^oints  irregularly  until  they  were  badly  curved  out  of  shape 
and  left  curved  with  hammer  marks  ;  after  this  maltreatment  specimens 
were  cut  out  and  tested  in  tension  and  bending.  The  ductility  in  such 
cases  was  found  to  be  only  a  little  injured,  with  an  ultimate  and  elastic 
limit  somewhat  raised.  Some  of  these  tests  were  reported  in  the  Trans- 
actions of  this  Society  for  October,  1887,  Vol.  XVII,  p.  185.  The  results 
of  these  special  tests  and  the  general  result  of  the  whole  work  demonstrated 
the  fact  that  the  growing  confidenGe  which  has  been  placed  in  structural 
steel  is  not  misplaced,  but  most  firmly  founded.  The  various  tables  of 
results  ajjijended  to  this  pai^er  are  extracted  from  the  various  tests 
which  were  made  to  establish  the  character  of  the  material  in  the 
general  pro.ress  of  the  work.  They  are  true  representations  in  all 
case?;  of  the  average  results  obtained.  The  entire  record  of  tests  has 
not  been  incorporated  in  this  paper  for  the  reason  that  a  very  hirge  num- 
ber are  shown,  and  the  whole  would  Lave  added  unwieldy  bulk  to  it 
without  conveying  any  additional  information. 

The  specifications  under  which  this  work  was  executed  were  draAvn 
up  and  proposed  by  The  Phcsnix  Bridge  Company,  by  whom  the  entire 
work  of  these  spans  was  designed,  constructed  and  erected,  and  accejited 
by  the  Covington  and  Cincinnati  Elevated  Eailw'ay,  Transfer  and  Bridge 
Company. 

The  actual  shop  work  of  the  construction  of  these  spans  was  begun 
in  March,  1888,  and  the  last  of  the  three  spans  was  coupled  and  traffic 
passed  on  the  25th  of  December  of  the  same  year. 

The  weight  of  iron  aud  steel  in  the  two  490  feet  and  one  550  feet 
spans  is  almost  exactly  10  000  000  pounds.  The  length  of  the  Coving- 
ton approach  is  about  1  533  feet,  while  that  of  the  Cincinnati  approach, 
in -luding  the  structure  carrying  the  many  diverging  tracks  to  the 
freight  depot,  is  nearly  2  300  feet,  making  a  total  length  of  structure 
carrying  a  double  track  railway,  double  roadway  and  sidewalks  of  almost 
exactly  one  mile.  The  total  weight  of  metal  in  this  entire  structure  is 
20  360  000  pounds. 

The  work  of  erocfon  of  t':ese  spans  under  ordinary  circumstances 
involved  no  special  difficulties,  but  the  abnormal  character  of  the  season 
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demonstrated  Avith  great  intc^nsity  the  full  dangers  which  may  beset  any 
Avork  carried  on  in  the  Ohio  Eivor.  In  June,  1888,  as  soon  as  the  stage 
of  the  water  would  permit,  false  work  was  begun  at  the  Covington  end 
of  the  south  490  feet  span.  In  the  early  part  of  August  this  sj^an  was 
safely  coupled,  after  a  most  dangerous  flood  in  the  river  during  the  latter 
part  of  July.  This  flood  caused  a  rise  in  the  river  of  about  25  feet; 
large  quantities  of  drift  were  brought  down  by  the  current  and  lodged 
against  the  false  work  then  carrying  the  large  traveler  and  about  two- 
thirds  of  the  trusses  and  railway  floor.  The  pressure  of  this  mass  was 
so  great  that  it  pushed  the  false  work  about  one  foot  down  stream,  but 
did  no  other  damage.  Incessant  rains  made  it  impossible  to  commence 
putting  the  iron  of  the  550  feet  span  on  the  falsework  until  about  the 
middle  of  August.  Shortly  after  that  time  the  river  experienced 
another  flood  rise  of  27  feet  with  enormous  quantities  of  drift.  These 
conditions  prevented  much  progress  in  the  work,  but  on  August  26th 
about  700  000  pounds  of  iron  and  steel  railway  floor  and  eye-bars  were 
placed  on  the  false  work,  which  at  that  time  was  not  quite  completed  for 
the  550  feet  span.  For  several  days  previous  to  August  26th  it  became 
evident  that  the  high  water  was  becoming  exceedingly  dangerous,  and 
the  entire  erection  force  was  occupied  in  attempts  to  protect  the  work 
that  had  already  been  done  and  remove  so  far  as  possible  the  drift 
which  was  continually  coming  down  the  river.  But  on  that  date 
(August  26th),  with  some  36  feet  of  water  in  the  river,  the  drift 
formed  a  continuous  mass  for  over  500  feet  up-stream  from  the  bridge,- 
and  in  spite  of  expensive  temporary  protection  it  swept  the  false  work, 
the  large  traveler  and  nearly  700  000  pounds  of  iron  and  steel  work 
down  the  river  in  an  absolutely  complete  wreck.  Masses  of  this  wreck- 
age were  stranded  down  the  river  from  the  bridge  site  for  fully  50  miles, 
and  two  steel  eye-bars  were  picked  np  45  miles  from  the  bridge.  Sub- 
sequent careful  examinations  of  the  river  bottom  showed  that  the  false 
work  piling  failed  by  a  very  little  only,  in  holding  its  own  safely  against 
the  flood  aud  drift.  The  bottom  was  found  to  be  scoured  out  for  a  con- 
siderable portion  of  the  span  to  an  increased  depth  of  10  to  12  feet, 
thus  removing  from  the  false  work  piles  the  supjDort  which  they 
required.  This  scour  was,  of  course,  due  to  the  large  mass  of  drift  which 
had  become  nearly  solid  from  the  water  surface  to  the  bottom  of  the  river 
on  the  up-stream  side  of  the  piling.  Had  the  bottom  not  scoured,  the 
false  work  structure  would  have  safely  withstood  the  flood  ;  in  fact  it  held 
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firmly  for  a  number  of  hours  with  the  flood  at  about  its  maximum 
height,  and  the  water  commenced  to  recede  within  six  hours  after  the 
failure.  Contrary  to  usual  experience  the  river  maintained  its  high 
water  during  the  entire  month  of  September  and  the  early  part  of 
Octol)er,  although  it  receded  for  short  periods,  at  several  intervals, 
from  5  to  17  feet. 

The  Pha?nix  Bridge  Comjiany  at  once  ordered  new  lumber  for  false 
Avork,  traveler  and  piles  at  as  many  points  as  possible  in  Ohio,  Indiana 
and  Georgia,  so  as  to  insure  the  concentration  of  the  largest  quantity  in 
the  shortest  time.  New  hoisting  apijaratus  also  had  to  be  ordered  and 
an  extensive  electric  light  plant  was  founded  and  started  within  four 
days  after  the  wreck,  and  the  entire  bridge  site  was  thus  illuminated  and 
all  the  oiDerations  of  pile-driving,  placing  falsework  and  erection  of  the 
iron  and  steel  work  was  actively  continued  both  day  and  night ;  in  fact, 
from  the  day  of  the  wreck,  on  August  26th,  to  the  completion  of  the 
structure  on  Dacember  25th,  there  was  no  cessation  of  operations  either 
night  or  day.  It  became  evident  from  the  phenomenal  character  of  the 
season  that  the  usual  autumn  low  water  in  the  Ohio  River  was  not  to  be 
experienced,  hence  in  order  to  give  the  new  false  work  of  the  550  feet 
span  thorough  protection,  two  lines  of  heavy  piling  were  nan  obliquely 
U25-stream  aliout  600  feet  from  each  of  its  extremities,  thus  forming  by 
their  intersection  a  V-shaped  protection,  with  the  angle  of  the  Y  about 
550  feet  up-stream.  Each  of  these  lines  was  formed  by  piles  5  feet 
apart  centers,  backed  by  a  group  of  six  piles  every  40  feet.  The  two 
lines  were  then  sheathed  by  4  x  6  scantling.  A  depth  of  water  45  f^et  in 
the  river  would  have  just  submerged  this  i^rotection,  but  it  was  con- 
sidered safe  to  neglect  the  expectation  of  such  a  rise,  and  subsequent 
events  justified  the  anticipation.  This  protection  was  found  to  act 
most  admirably  and  formed  a  complete  safeguard  to  the  false  work 
against  a  number  of  rises  in  the  river  with  very  considerable  amounts  of 
drift. 

So  actively  was  the  work  prosecuted  that  just  five  weeks  from  the 
day  of  the  wreck  the  entire  false  work,  including  piles,  the  two  trav- 
elers and  about  1  200  lineal  feet  of  pile  protection,  were  completed  in 
pla  e,  the  iron  and  steel  floor  once  again  being  i^laced  on  the  false 
work.  During  this  time  over  950  piles  had  been  driven  and  nearly  a 
million  feet  of  lumber  framed  and  jilaced  in  the  false  work  and  the  two 
travelers;  the  traveler  for  the  handling  of  the  iron  and  steel  being  as 
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large  as  any  ever  construt-ted.  The  700  000  pouuds  of  iron  and  steel 
.railway  floor  had  -within  the  same  time  also  been  entirely  reconstrncted 
from  new  material  at  the  Phcenixville  shops  and  delivered  at  Cincinnati. 
The  erection  of  the  iron  and  steel  work  of  the  550-feet  span  was  then 
pushed  forward  night  and  day,  and  was  entirely  completed,  including  the 
floor  and  all  lateral  and  transverse  bracing,  on  the  28th  of  October,  and 
it  was  swung  clear  from  the  false  work  immediately  thereafter.  The 
coupling  of  this  s])an  was  completed  just  after  a  heavy  storm  with  a 
flood  rise  of  27  feet,  making  the  third  period  of  high  water  since  the 
beginning  of  the  work.  This  flood  rise  continued  at  or  near  its  high 
water  mark  for  some  three  weeks,  and  prevented  the  driving  of  any  piles 
for  that  length  of  time  in  the  north  490-feet  span.  During  the  last  of 
November,  however,  the  water  commenced  to  recede  and  the  remaining 
pile  driving  and  false  work  were  soon  completed.  On  December  9th 
the  lirst  iron  work  for  the  railway  floor  was  run  out  on  the  false  work  of 
the  north  4:90-feet  span  at  the  Cincinnati  end  of  the  structure,  and  the 
erection  of  the  remaining  iron  and  steel  work  was  carried  on  continu- 
ously day  and  night  until  the  last  coupling  was  efi'ected,  as  stated,  on  De- 
cember 25th.  The  placing  and  erection  of  all  the  iron  and  steel  work  of 
this  span,  including  railway  floors  and  all  lateral  and  transverse  bracing, 
was  completed  in  sixteen  days,  on  the  last  of  which  the  first  regular 
railway  traffic  passed  over  the  bridge,  from  which  time  schedule  trains 
were  regularly  run. 

SuBSTKtrCTURE.  * 

The  shore  piers  of  the  two  490-feet  spans  rest  on  piles  cajjped  trans- 
versly  of  pier  with  12  x  12-inch  white  oak  timbers,  which  in  turn 
carry  longitudinally  of  pier  nine  lines  of  the  same  12  x  12-inch  timbers. 
These  latter  carry  a  solid  12-inch  white  oak  floor  or  platform  about 
72  X  36  feet,  on  which  the  masonry  is  placed.  The  piles  are  placed  4 
feet  apart,  ceaters  in  both  directions.  They  are  white  oak  sticks  driven 
to  refusal  30  to  42  feet  iuto  the  clay  and  gravel  of  the  banks.  There 
are  five  bottom  co-arses  of  masonry,  each  27  inches  thick  and  each 
stepi3ed  ofi"  12  inches.  The  masonry  of  the  main  body  of  the  pier 
surmounts  these  bottom  courses  with  the  batter  and  dimensions  shown 
on  Plate  XH. 

*  The  writer  is  chiefly  indebted  to  Mr.  Epes  Randolph,  Chief  Engineer  of  the  Covington 
and  Cincinnati  Elevated  Railway,  Transfer  and  Bridge  Company,  for  the  ample  notes  on 
which  the  following  account  of  the  substructure  work  (frequently  in  the  words  of  Mr.  Ran- 
dolph) is  based,  although  Mr.  Charles  Sooysmith,  M.  Am.  Soc.  C.  E.,  has  also  §iven  him  valu- 
able assistance  in  several  particulars. 
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The  24:-incli  sub-coping  courses  ou  all  the  piers  are  of  Kentucky 
freestone;  while  all  the  24-inch  coping  courses  are  oolitic  limestone  from 
Salem,  Indiana.  This  latter  is  a  very  compact  stone  and  offers  a  com- 
pressive resistance  of  about  12  000  j)ounds  per  square  inch ;  its  ratio  of 
absorption  does  not  exceed  2  per  cent,  of  its  weight.  The  belting 
courses  are  of  a  very  superior  sandstone  from  the  interior  of  Kentucky, 
known  as  Kentucky  freestone.  It  jDossesses  a  compressive  resistance  of 
about  15  000  jiounds  per  square  inch  and  a  ratio  of  absorption  of  3  per 
cent.  The  Kentucky  shore  pier  was  built  of  this  freestone  throughout, 
while  the  Ohio  shore  pier  is  entirely  built  of  Ohio  River  freestone.  The 
two  river  piers  are  faced  with  Greensburgh  limestone,  and  l)oth  are 
backed  with  Ohio  Eiver  freestone  from  top  of  caisson  to  belting  course. 
Above  the  latter  the  same  backing  was  used  in  one  river  pier  and  tlie 
Kentucky  freestone  in  the  other. 

The  two  river  iners,  one  at  each  end  of  the  550-feet  span,  rest  on 
pneumatic  caissons  81  feet  3  inches  x  34  feet  10  inches  in  plan  at  cutting 
edges.  The  batter  of  the  sides  of  the  caissons  is  1  in  15.  The  walls  of 
the  working  chamber  for  a  distance  of  6  feet  below  the  roof  are  4  feet 
thick  and  composed  of  three  shells  of  12  x  12-inch  sticks  with  four  of 
3-inch  sheathing,  arranged  alternately.  The  outer  shell  of  12-inch 
sticks  is  carried  down  2  feet  below  the  interior  and  1  foot  below  the 
center  one;  the  former  carries  at  its  lower  extremity  a  6  x  9-inch  piece 
of  oak  chamfered  to  form  the  cutting  edge.  The  distance  from  base  of 
cutting  edge  or  shoe  to  the  roof  of  the  caisson  is  8  feet  9  inches.  The 
outside  3-inch  sheathing  is  laid  on  vertically  and  well  caulked.  The 
inside  shell  of  3-inch  sheathing  is  also  laid  on  veitically,  but  the  two 
intermediate  shells  of  the  same  material  are  laid  diagonally,  thus  bind- 
ing each  entire  wall  together  in  one  solid  unit.  The  roof  of  the  working 
chamber  is  also  covered  with  3inch  pine  sheathing,  and  the  walls  of  the 
working  chambers  are  braced  longitudinally  to  the  caisson  by  two 
pieces  of  12  x  12-inch  oak  sticks  running  the  entire  length  and  tied 
securely  to  the  end  walls.  These  longitudinal  sticks  are  held  at  the 
proper  distance  from  the  roof  of  the  caisson  by  12  x  12-inch  oak  sticks 
and  1-inch  wrought-irou  rods.  The  transverse  bracing  of  the  walls  of 
the  Avorking  chamber  are  held  rigidly  in  place  by  five  14  x  14-inch  oak 
sticks  and  2-inch  round  wrought-irou  rods  running  through  the  walls 
to  the  outside  sheathing.  The  roof  of  the  caisson  is  formed  by  seven 
solid  transverse  and  longitudinal  layers  of  12  x  12-inch  pine  sticks. 
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Above  tlie  caisson  is  constructed  the  crib  work,  or  grillage,  formed  of  al- 
ternate series  of  four  longitudinal  and  eight  transverse  12  x  12  inch  pine 
sticks,  with  interstices,  forming  by  far  the  larger  part  of  the  mass  filled 
■with  the  best  of  concrete.  This  crib  work  consists  of  thirty-five  layers 
in  the  Ohio  caisson  and  thirty- four  layers  in  the  Kentucky  one,  above 
which  comes  the  masonry  of  the  pier  proper.  As  the  building  of  the 
crib  progressed,  the  Avork  of  concreting  was  completed  after  about  every 
three  courses  of  the  timber  work  were  finished.  The  top  of  the  crib 
work  is  about  30  x  76  feet,  and  the  distance  from  the  top  of  the  crib  work 
to  the  cutting  edge  is  52  feet  5  inches  for  the  Ohio  and  51  feet  3  inches 
for  the  Kentucky  caisson. 

Plate  Xni  shows  in  complete  detail  the  method  of  constructing  these 
caissons  and  their  dimensions  as  well  as  those  of  various  other  parts. 
The  Ohio  caisson  and  crib  contains  about  527  000  feet  B.  M.  of  timber, 
and  the  Kentucky  caisson  and  crib  about  514  000  feet.  The  timber  in 
the  caisson  and  cribs  was  in  the  main  drift-bolted,  although  some  parts 
of  the  working  chamber  were  joint-liolted,  while  the  3-inch  plank  was 
sjjiked. 

The  composition  of  the  concrete  used  in  the  crib  work  was  as  follows: 
One  part  Louisville  cement,  one  jmrt  clean  sand,  and  three  parts  stone 
broken  to  jsass  through  a  3-inch  ring,  all  well  mixed,  with  just  suflficient 
water  in  the  sand  and  cement  to  give  a  thick  paste.  A  No.  3  Gates 
crusher  with  a  15-horse-power  engine  was  used  to  crush  the  stone.  The 
capacity  of  the  crusher  was  about  80  cubic  yards  per  day  of  ten  hours, 
and  the  force  used  in  this  part  of  the  work  consisted  of  twelve  men,  one 
engineer,  three  men  and  helper,  three  men  at  chute,  five  men  delivering 
stone  to  the  crusher  barge.  The  chute  at  which  the  three  men  were 
employed  was  the  channel  along  which  the  broken  stone  was  delivered 
from  the  crusher  to  the  barge,  on  which  it  was  carried  to  the  pier  in 
process  of  construction.  The  concrete  mixer  consisted  of  a  Sooysmith 
proportion  meter,  screw  conveyor  and  mixer,  workedby  a6-horse-power 
boiler.  The  usual  total  force  employed  in  and  about  the  mixer  was 
about  twenty-five  men,  while  the  concrete  force  iu  the  crib  usually  con- 
sisted of  about  twelve  men. 

The  Ohio  caisson  was  launched  June  2d,  1887,  and  was  kept  afloat  by 
a  false  bottom,  which  had  been  placed  temporarily  just  below  the  oak 
stifi'euing  timbers,  Avhich  braced  the  walls  of  the  working  chamber ;  it 
was  made  of  3-inch  plank.     Immediately  after  the  caisson  was  launched 
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an  air  compressor  barge  was  lasliecl  to  it,  connections  made  and  air  used 
to  aid  tlie  false  bottom  to  float  the  caisson.  When  launched  June  2d, 
the  caisson  working  chamber  had  only  one  course  of  the  deck  laid  above 
it.  From  June  2d  until  June  20th  the  time  was  spent  in  completing  the 
roof  or  deck  of  the  caisson,  after  which  it  was  floated  into  position 
behind  a  row  of  protection  or  guide  piles  V-shaped,  with  the  angle  up- 
stream. The  Ohio  caisson  was  settled  to  river  bottom  June  20th  and 
rested  on  a  level  surface  7  feet  below  low  water,  and  the  false  bottom 
was  entirely  removed  July  1st  by  sawing  into  small  pieces  and  shoving 
the  portions  under  the  cutting  edge. 

The  pneumatic  machinery  and  electric  light  plant  were  located  on 
two  barges  alongside  of  the  caisson  and  crib.  The  larger  barge,  26  x  96 
feet,  carried  two  Ingersol  duplex  air  compressors,  two  duplex  Worth- 
ington  piimps,  10  x  18,  and  three  boilers.  The  other  barge  carried  one 
lOi  X  18  duplex  Worthiugton  pump,  one  16  x  24,  and  one  18  x  30  Inger- 
sol straight  line  compressor,  one  Knowles  pump  and  three  boilers  and 
one  dynamo  with  four  arc  lights  of  1  200  candle-power  each.  Both 
barges  contained  machine  shop  requisites  for  such  work  as  was  found  nec- 
essary to  be  done  for  the  repair  and  maintenance  of  the  entire  plant. 
The  air  lock  was  located  in  the  i-foot  cylinder  of  |-iuch  boiler  iron 
running  from  the  top  of  the  working  chamber  through  the  deck  and  crib 
work  about  18  or  20  feet  above  the  top  of  the  latter.  As  the  caisson  was 
sunk  the  cylinder  was  carried  up  section  hj  section  and  masonry  built 
around  it.  The  inside  of  the  cylinder  carried  a  la  Ider  15  inches  wide 
with  J -inch  round  rungs  16  inches  apart.  The  upper  and  lower  doors 
or  valves  of  the  air  lock  both  swung  downward.  When  a  section  was 
added  to  the  cylinder,  which  carried  the  air  lock,  the  upper  door  was 
generally  made  a  lo  .ver.  In  this  manner  the  air  lock  was  gradually  car- 
ried up  as  the  height  of  masonry  increased.  Each  door  or  valve  was  20 
X  27  inches,  built  of  ^-inch  wrought  plate,  to  which  was  riveted  a  1^  x 
i-inch  gasket  ring  and  a  1^-inch  rubber  gasket,  making  when  closed  a 
tight  flt.  These  doors  were  raised  and  lowered  by  block  and  tackle. 
As  the  caisson  descended  and  air  pressure  increased  the  time  required 
for  the  equalization  of  pressure  in  the  air  lock  varied  from  one-half  to 
three  minutes  according  to  the  pressure  and  to  the  ability  of  the  parties 
descending  to  sustain  the  corresponding  changes  of  pressure.  A  con- 
crete shaft  1  foot  6  inches  diameter  of  i-inch  boiler  iron  with  a  door  at 
top  and  bottom  was  located  near  the  middle  of  the  caisson.     The  equal- 
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izing  in  this  shaft  was  done  from  above  by  means  of  a  l-jnch  pipe  con- 
nection with  the  working  chamber  to  give  compressed  air  when  the 
concrete  was  passed  downward.  It  was  only  used  after  the  caisson  was 
in  place  for  the  j^nrpose  of  supplying  concrete  to  fill  the  working 
chamber.  B6th  the  air  and  concrete  shafts  and  also  the  4-infh  i^ipes 
were  bolted  to  the  deck  course  forming  the  roof  of  the  working  chamber. 
Four-inch  pipes  were  used  to  discharge  gravel  and  sand  from  the  work- 
ing chamber.  Small  piles  of  gravel  and  sand  would  be  gathered  at  the 
lower  openings  of  the  pipes,  which  jirojected  6  or  7  feet  into  the 
chamber,  after  which  a  valve  in  the  pipe  would  be  opened  and  the 
material  forced  up  into  the  pipe  and  into  the  river  by  the  compressed 
air.  This  method  was  pursued  nearly  the  whole  time  and  removed  most 
of  the  material.  The  larger  boulders,  rocks,  etc. ,  however,  were  hoisted 
through  the  excavating  shaft  located  near  the  concrete  shaft.  It  was 
carried  up  through  the  deck  and  crib  work  about  3  feet  square  with  its 
lower  end  terminating  in  cylinders  about  4  feet  long  and  2  feet  8  inches 
in  diameter,  with  two  doors  1  foot  and  1  foot  6  inches  on  opposite  sides. 
This  cylinder  was  bolted  to  the  top  of  the  working  chamber  and  was 
entirely  within  it.  The  bottom  was  concave  with  a  small  hole  3x4 
inches  just  above  it.  The  material  was  raised  iu  a  bucket  fitting  closely 
inside  this  cylinder  by  means  of  a  derrick  on  the  boat  alongside  the 
caisson.  There  were  two  openings  corresponding  to  the  doors  of  the 
cylinder  on  the  iipper  part  of  the  bucket  into  which  the  boulders,  etc., 
were  thrown,  after  the  air  in  the  bucket  had  been  equalized  and  the  doors 
in  the  cylinder  opened.  The  bucket  was  guided  through  the  shaft  by  two 
beams  projecting  over  its  toi^,  fitting  into  grooves  in  the  sides  of  the 
shaft.  For  a  short  time  at  the  liegiuning  of  the  work  this  excavating  shaft 
was  not  used,  and  lioulders  were  carried  down  with  the  caisson,  except 
a  small  quantity  which  was  locked  up  through  the  air  shaft  in  sacks. 
A  sand  pumji  attached  to  the  Worthington  jiump  above  and  to  the  ejec- 
tor below,  terminating  in  a  4-iuch  rubber  hose  and  strainer,  was  in 
frequent  use  to  remove  sand,  etc.,  the  materials  having  been  stirred 
up  with  a  jet  attached  to  the  ejector  just  above  it.  Men  worked  in 
eight-hour  shifts  day  and  night  until  work  was  finished.  Valves  were 
attached  to  the  lower  end  of  the  4-inch  pipes  leading  from  the  compres- 
sors to  the  air  chamber  with  automatic  closure,  in  order  to  gi'^^e  the 
men  ample  time  to  get  out  if  accidents  should  happen  to  the  air  com- 
pressor. 
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As  already  stated,  the  work  of  sinking  the  caissons  was  begun  July 
1st  and  continued  without  serious  interruption  until  October  12th, 
when  the  depth  of  cutting  edge  below  low  water  was  52  feet  9  inches, 
with  air  pressure  23  pounds  per  square  inch.  At  this  depth  the  pressure 
on  the  longitudinal  walls  was  so  great  as  to  show  some  bending  of  the 
middle  transverse  bracing,  and  as  bed  rock  was  found  at  a  depth  of  1 
foot  9  inches  only  below  the  cutting  edge  at  this  stage  of  the  work,  it 
was  deemed  advisable  to  attempt  no  further  sinking  of  the  caisson.  The 
working  chamber  was  then  filled  in  the  following  manner  :  A  solid  con- 
crete wall  was  built  in  the  middle  of  the  caisson  at  a  weak  point,  with 
the  bottom  of  the  wall  carried  down  to  the  first  ledge  of  limestone. 
Excavation  was  then  made  from  the  entire  cutting  edge  to  bed  rock  and 
the  whole  carefully  sealed  with  concrete.  This  was  done  in  10  feet  sec- 
tions by  first  carefully  cleaning  away  all  debris  of  the  soapstone  ledge 
and  the  thin  ledges  of  limestone  overlying  the  bed-rock,  and  putting  in 
the  concrete — the  cement  used  being  Alsen's  German.  After  the  entire 
cutting  edge  had  been  carefully  sealed  in  this  manner  the  entire  work- 
ing chamber  was  thoroughly  cleaned  out  with  great  care.  The  soap- 
stone  ledge  and  the  first  two  thin  layers  of  limestone  which  overlaid  the 
bed-rock  of  limestone  were  entirely  removed.  The  working  chamber 
was  then  completely  filled  with  concrete,  leaving  no  voids  or  interstices. 
The  concrete  shaft  and  air  lock  were  then  filled  with  concrete,  using 
for  both  the  working  chamber  and  for  the  latter  Louisville  cement. 

The  pneumatic  work  of  the  Ohio  caisson  was  finished  on  Octol:er 
31st  at  4  P.M.,  the  masonry  of  the  pier  being  22^  feet  high.  The  caisson 
rests  on  bed-rock,  and  its  position  is  i^recisely  right.  It  was  originally 
placed  12  inches  ui3-stream,  with  the  anticipation  of  its  being  drifted 
that  much  down-stream  before  work  was  comi^leted,  and  the  exi3ectation 
was  exactly  realized. 

The  resume  of  the  work  is  as  follows: 

Launched  June  2d. 

Sunk  to  bottom  June  20th. 

Began  sinking  caisson  July  1st. 

Stopped  sinking  caisson,  October  12th. 

Completed  October  31st. 

Time  of  sinking,   104  days;  or  6  inches  per  day  on  the  average 

from  low  water. 
♦  Total  time  occupied  133  days,  from  time  caisson  was  sunk  until 

completed. 
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Quantities  in  Ohio  caisson  and  crili : 

527  500  feet  B.  M.  of  timber. 

3  648.  G  culiic  yards  concrete. 

155  295.5  cnliic  feet  displacement;  or  5  276.6  cubic  yards. 

4  651  barrels  of  Louisville  cement. 
496  barrels  Alseu's  German  cement. 
Cutting  edge  52  feet  9  inches  below  low  water. 
Bed-rock  54  feet  6  inches  b?low  low  water. 
Bed  of  river  to  cutting  edge  45  feet  9  inches. 

Kentucky  Caisson. 

The  Kentucky  caisson  was  launched  on  the  10th  of  June  in  the  same 
manner  as  that  for  the  Ohio  end  of  the  550  feet  span.  On  July  10th  it 
was  init  in  position  beyond  the  protection  piles  with  the  deck  complete. 
On  July  13th  the  concreting  of  the  crib  was  begun,  and  on  July  16th, 
with  seven  courses  of  the  crib  complete,  containing  311  cubic  yards  of 
concrete,  the  displacement  of  the  upper  end  was  10  feet  2  inches,  and 
that  of  the  lower  8  feet  0  inches.  On  July  21st  the  false  bottom  was 
entirely  out  and  caisson  nearly  full  of  water.  In  this  position  it  was 
found  to  rest  on  a  nest  of  sunken  logs,  some  of  them  2  feet  in  diameter, 
running  und.r  the  cutting  edge.  The  cutting  out  of  these  logs  was  at 
once  begun,  and  was  necessarily  found  to  be  somewhat  tedious  and 
troublesome.  They  were  cut  into  small  pieces  and  taken  out  through  the 
excavation  shaft  in  buckets.  This  work  was  completed  on  July  28th. 
The  presence  of  these  logs  occasioned  the  loss  of  about  two  weeks  in 
sinking  the  caisson.  In  other  respects  the  sinking  of  this  caisson  was 
quite  similar  in  all  its  features  to  the  other.  The  material  passed 
through  was  sand,  gravel  and  large  boulders,  being  apparently  through 
the  original  bed  of  the  river  after  getting  down  some  20  feet. 

The  resume  of  this  jjortion  of  the  work  is  as  follows  : 

Laimched  June  10th. 
Sunk  June  11th. 
Began  sinking  August  5th. 
Began  crib  July  10th. 
Completed  crib  September  8th. 
Began  concreting  July  13th. 
Completed  concreting  September  15th. 
Reached  bed-rock  October  27th. 
Completed  work  November  8th. 
Total  working  days  from  time  of  location,  120. 
Days  employed  sinking,  August  5th  to  Sejjteml  er  27th,  93  days. 
Days  employed  on  crib,  60;  average,  .59  feet  per  day. 
Days  employed  on  c  mcrete,  64;  average,  .55  feet  per  day. 
Average  per  day  sinking,  August  5th  to  Septeml)er  27tli,  viz. : 
Distance  bed-rock  to  low  water,  53.5  feet;  average,  0.575  feet  per 
dav. 
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Distance  bed-rock  to  bed  of  river,  42  feet ;    average,   0.451  feet 
jier  day. 

Contents. 

514  033  feet  B.  M.  timber. 

3  569.73  cubic  yards  concrete. 

153  383.73  cubic  feet  displacement. 
5  155.735  cubic  yards  volume. 

4  550  l)arrc^l8  Louisville  cement. 

450  barrels  Alsen's  German  Portland. 

The  Kentucky  caisson  remained  in  its  first  position  about  12  inches 
up-stream. 

No  delay,  except  two  weeks  cutting  logs  and  a  short  delay  owing 
to  insufficient  weight  on  top,  was  exp3rieuced.  The  work  went  on 
smoothly  all  tlie  time  and  was  a  perfect  success. 

The  heat  in  both  caissons  Avas  at  times  very  great,  and  a  few  men 
were  disabled  by  the  so-called  "  bends,"  but  no  lives  were  lost,  nor  were 
the  men  apparently  injured  from  working  eight  hours  each  shift  contin- 
uously. 

The  following  is  a  succinct  statement  of  the  masonry  built  upon  the 
cribs  over  the  two  caissons  at  the  ends  of  the  550  feet  span: 

Began  Ohio  pier  September  24th,  1887. 

Completed  Ohio  pier  June  30th,  1888. 

Began  Kentiicky  i^ier  September  17th,  1887. 

Oompleted  Kentiacky  pier  June  9th,  1888. 

Actual  working  days,  about  130  Ohio,  and  140  Kentucky  pier. 

Kate  per  day,  approximately,  7i  to  8  inches  per  day  in  height. 

Contents. 

Limestone 3  431.603  cu.  yds.  Kentucky  pier. 

Freestone 1465.910 

Oolitic  stone 66.150        "  " 

Total 4  963.663  cubic  yards. 

Limestone 3  405.342  cu.  vds.  Ohio  pier. 

Freestone 1398.680 

Oolitic  stone 66.150       " 

Total 4  861.172  cubic  yards. 

The  total  weights,  including  lumber  in  substructure,  concrete, 
masonry,  iron  and  steel  of  spans,  timber  floor  of  same  and  maximum 
moving  loads,  on  the  various  abutment  and  river  piers  of  this  struc- 
ture, and  the  loads  carried  per  jiile  on  the  abutment  piers,  and  per 
square  foot  at  bottom  of  caissons  for  the  two  river  piers  are  as  follows: 
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Ohio  abutment  pier,  total  weight 13  202  324  pounds. 

Load  per  pile 77  200 

Kentucky  abutment  pier,  total  weight.  .13  890  224 

Load  per  j^ile 81  200 

Ohio  River  pier,  total  weight 36  719  285 

Total  load  ijer  square  foot 13  000 

Kentucky  Eiver  pier,  total  weight 36  922  285 

Total  load  per  square  foot 13  047 

The  above  total  weights,  sustained  by  the  two  river  piers,  are  the 
actual  total  loads,  less  the  buoyant  elfect  of  the  displacement,  the 
volume  of  which  is  given  in  the  preceding  data. 

The  pneumatic  portion  of  the  substructure,  including  all  caisson 
and  crib  work,  was  performed  by  Messrs.  Sooysmith  &  Co.,  during 
1887  and  1888,  in  their  usual  efficient  and  successful  manner. 

Ohio  Eiver  Bridge  between  Covington  and  Cincinnati. — Specifica- 
tions FOR  the  Main  Spans. — By  the  Phcenix  Bridge  Company. 

The  bridge  proper  shall  consist  of  a  central  span  of  five  hundred 
and  forty-five  (545)  feet,  center  to  center  of  end  pins;  and  two  side  spans, 
each  four  hundred  and  eighty-six  (486)  feet,  center  to  center  of  end 
pins. 

The  structure  shall  be  built  for  a  double  track  railway,  with  a 
wagon-way  and  a  sidewalk  on  each  side. 

The  clear  distance  between  trusses  shall  be  twenty-seven  (27)  feet, 
and  the  clear  headway,  measuring  from  base  of  rail  to  lowest  j^art  of 
the  overhead  bracing,  not  less  than  twenty  (20)  feet. 

The  distance  from  center  to  center  of  railway  tracks  shall  be 
thirteen  (13)  feet. 

The  width  in  dear  for  each  wagon-way  shall  be  eleven  (11)  feet,  and 
that  for  each  sidewalk  five  (5)  feet. 

Strong  outside  railings,  each  weighing  not  less  than  sixty  (60) 
pounds  per  lineal  foot  shall  be  i^rovided  for  the  sidewalks. 

Wooden  screens  ten  (10)  feet  high  shall  be  provided  between  the 
wagon-ways  and  the  railway  tracks. 

All  parts  of  the  structure,  excepting  cross-ties,  guard  timbers  and 
flooring,  shall  be  of  iron  or  steel,  the  kind  of  metal  for  each  member  or 
class  of  members  to  be  used  being  noted  on  the  diagram  of  stresses. 

This  diagram  shall  also  show  the  maximum  stresses  and  sectional 
areas  of  all  main  members  of  the  structure. 

Provision  shall  be  made  for  the  free  expansion  and  contraction  of 
all  parts,  corresponding  to  a  variation  in  temperature  of  one  hundred 
and  fifty  (150)  degrees  Fahr. 

As  far  as  practicable  all  parts  of  the  structure  shall  be  accessible  for 
inspection  and  painting. 
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Live  load.  The  live  load  sliall  consist — 

Fh'st. — For  each  railway  track  of  two  consolidation  engines,  as  per 
fol'owing  diagram,  followed  by  a  train  weighing  twenty-five  hundred 
(2  500)  i)ounds  per  lineal  foot. 


Second. — For  each  wagon-way  and  sidewalk,  of  a  uniform  load  of  sixty 
(60)  pounds  per  square  foot,  which  is  equivalent  to  nine  hundred  and 
sixty  (960)  pounds  -per  lineal  foot  on  each  trus^,  both  wagon-ways  and 
sidewalks  being  considered  fully  loaded  when  calculating  the  stresses 
in  the  main  members  of  trusses. 

Tliird. — In  calculating  the  stresses  in  the  floor-system  and  primary 
truss  members,  in  addition  to  the  railway  load  above  sjjecified,  the 
following  loading  is  to  be  applied  alternately  on  each  side  of  the 
bridge  : 

Fifteen  (15)  tons  uniformly  distributed  on  ten  (10)  lineal  feet  of 
wagon-way,  followed  and  j^receded  by  a  uniform  load  of  eighty  (80) 
pounds  per  square  foot;  and  a  uniform  load  of  eighty  (80)  pounds  per 
square  foot  on  the  sidewalks. 

To  provide  for  the  effect  of  impact  on  all  parts  of  the  structure 
liable  to  sudden  loading  and  vibration,  additions  to  the  stresses  produced 
by  the  railway  live  load  shall  be  made  as  follows:  For  floor  beam 
hangers  and  riveted  connections  of  floor  beams  and  stringers,  fifty  (50) 
per  cent.;  for  stringers,  floor  beams,  suspenders,  primary  struts, 
counters  and  jDosts  strained  mainly  by  counters,  twenty-five  (25)  per 
cent. 

In  determining  the  total  weight  of  the  structure  for  the  purpose  of 
calculating  stresses,  the  weight  of  the  iron  shall  be  assumed  at  the  rate 
of  three  and  a  third  (3|)  pounds  j)er  lineal  foot  of  a  bar  of  one  (1)  square 
inch  area;  and  the  weight  of  the  steel  to  be  assumed  to  be  two  (2)  per 
cent,  greater  than  that  of  the  iron. 

Creosoted  timber  shall  be  assumed  to  weigli  five  (5)  pounds  j^er 
foot,  board  measure;  oak  and  yellow  pine,  four  (-4)  pounds  per  foot, 
board  measure;  and  white  pine  three  (3)  ])ounds  per  foot,  board 
measure. 

An  addition  of  fifty  (50)  po'.inds  per  lineal  foot  for  each  track  shall 
be  made  for  the  weight  of  rails,  spikes  and  joints. 

The  assumed  and  actual  dead  loads  shall  agree  within  three  (3)  per 
cent. 
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"Wind  pressure  sliall  be  calculated  for  tliirty  (30)  liounds  per  square  '"'iu<i  pressure. 
loot  on  the  exposed  surfaces  of  both  trusses  and  on  the  vertical  pro- 
jection of  the  floor  system  (the  wooden  screens  being  omitted),  and  on 
a  moving  train  siirface  averaging  10  square  feeit  i)er  lineal  foot  of  bridge. 

The  co-efficient  of  sliding  friction  of  shoe  plates  upon  rollers  or  bed  Friction. 
plates  shall  be  assumed  to  be  twenty-five  (25)  per  cent. 

All  parts  of  the  structure  shall  be  so  proportioned  that  the  combined  Limits  of  inten- 

'■  '■       ^  .  sities  ot  work- 

effects  of  temperatiire  and  all  the  sjiecified  loads,  except  the  wind  pres-  ing  stresses. 

sure,  shall  not  cause  the  stress  per  square  inch  to  exceed  the  following 

limits : 

In  tension,  ten  thousand  (10  000)  pounds.  For  iron. 

In  compression,  for  lengths  less  than  fifty  (50)  times  the  least  radius 
of  gyration,  eight  thousand  (8  000)  pounds. 

In  shearing  across  fibers,  seven  thousand  five  hundred  (7  500) 
jiounds. 

In  bending  in  the  extreme  fibers  of  pins,  fifteen  thousand  (15  000) 
pounds. 

On  bearing  surfaces,  twelve  thousand  (12  000)  pounds. 

The  bearing  surfaces  of  pins  and  rivets  shall  be  reckoned  from  the 
diameter  and  not  from  the  semicircle. 

The  stress  per  square  inch  in  compression  for  members  whose  lengths 
exceed  fifty  (50)  times  their  least  radii  of  gyration  shall  be  reduced 
according  to  the  following  formulas: 

-P                  1        •                                        „                8  000 
For  square  bearings li  ^ p- 

1  -i ^    -^ 

^  36  OUO     r^ 

8  000 
For  pin  bearings R  =: ^ 72" 

1  +  — L 

18  000   r' 

^       ,      «  '  10  000 

For  the  flanges  of  rolled  beams R  =  ^i 75- 

1+  — _ 

5  000  b^ 

^       ,  8  000 

For  the  top  flanges  of  built  beams ..  .R  = ^ j^— 

1  +  -i L- 

5  000    b- 

Avhere  R  is  the  intensity  of  working  stress,  I  length  in  inches  of 
members  between  supjjorts,  r  least  radius  of  gyration  of  cross-section,  b 
breadth  of  top  flange  of  girder  in  inches. 

In  tension  on  chord  bars  and  end  main  diagonals,  sixteen  thousand  For  steel. 
(16  000)  pounds. 

In  shearing  on  rivets  and  pins,  ten  thousand  (10  000)  pounds. 

In  bending  on  the  extreme  fibers  of  pins,  twenty  thousand  (20  000) 
pounds. 
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On  bearing  surfaces,  fifteen  thousand  (15  000)  pounds  for  rivets  and 
eighteen  thousand  (18  000)  pounds  for  pins. 

On  main  diagonals  nearest  the  middle  of  the  span,  thirteen  thousand 
(13  000)  pounds  tension. 

For  intermediate  main  diagonals  the  tensile  intensities  are  to  be 
directly  interpolated. 

In  compression  ou  toj?  chords  and  inclined  end  posts,  i^rovided  that 
the  ratio  of  length  to  least  radius  of  gyration  does  not  exceed  fifty  (50), 
fourteen  thousand  (14  000)  pounds. 

For  all  other  steel  struts  the  intensities  are  to  be  found  by  the 
following  formula: 

14  000 


R  = 


1  + 


r- 


20  000 


the 


Alternating 
stresses. 


T\here  R  is  the  intensity,  I  the  length  of  column  in  inches,  and  1 
least  radius  of  gyration  in  inches. 

Steel  struts  siibject  to  alternating  stresses  of  compression  and  tension 
shall  be  proportioned  by  the  following  formula: 

1  min.  stressx 


14  000  (  1- 


R  = 


2  max.  stress > 


1  +  -^ —  ^- 
20  000   r^ 


Wind  stresses. 


Compression 
members. 


•where  R,  I  and  r  have  the  same  signification  as  in  the  last  clause. 

An  addition  of  fifty  (50)  percent,  to  all  specified  intensities  of  working 
stresses  shall  be  allowed  for  all  wind  stresses  and  for  all  combinations 
of  wind  stresses  with  other  stresses. 

The  thickness  of  metal  in  compression  shall  not  be  less  than  one- 
sixteenth  (ru)  of  the  distance  between  supports  in  line  of  stress,  or  less 
than  one-thirtieth  (-j\r)  of  the  distance  between  siipjiorts  at  right  angles 
to  the  line  of  stress,  or  less  than  one-eighth  (J)  of  the  distance  from  the 
edge  of  plate  of  flange  to  line  of  support,  or  less  than  one-quarter  [^)  inch 
when  both  faces  are  accessible  for  painting,  or  less  than  five-sixteenths 
(tV)  of  *Ji  inch  when  only  one  face  is  accessible  for  painting. 

The  ratio  of  length  of  strixt  between  supporting  points  to  its  least 
diameter  shall  not  exceed  forty-five  (45). 

The  eyes  aud  threaded  parts  of  bars  and  rods  shall  be  so  proijortioued 
as  to  develop  the  full  strength  of  the  members.  The  heads  shall  not  be 
"welded  to  the  body  of  the  bar. 

Long  tension  members  shall  be  supported  at  suitable  intervals  to 
avoid  rattling  and  undue  stress  by  bending.     No   lateral  or  sway-rod 
shall  be  less  than  one  (1)  inch  in  diameter. 
Pins  and  rivets.       Pins  shall  be   in'oportioned  to   resist  the   bending  as  well  as  the 
shearing  forces  acting  upon  them. 

The  limits  of  stress  specified  for  shearing  and  for  the  pressure  on 


Eye-bars  and 
ni^set  rods. 
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Leaving  surface  of  holes  shall  determine  the   number  and  size  of   the  Plate  girders, 
rivets. 

In  designing  plate  girders  the  office  of  tae  web  shall  be  to  resist  shear 
only,  and  that  of  the  flanges  to  resist  bending  only. 

The  thickness  of  tlie  web  shall  never  be  less  than  a  quarter  (i)  of  an 
inch,  and  it  shall  be  in  all  cases  properly  stiffened. 

Connections  and   attachments  of  all  members  shall  be  so  designed  CounecUons 

°  and  attach- 

that  the  stress  on  each  member  can  be  correctly  calculated.     Whenever  ments. 

practicable,  the  lines  of  stress  shall  coincide  with  the  lines  of  centers  of 

gravity  of  cross-sections,  and  shall  intersect  at  the  joint  point ;   and  in 

cases  where  these  conditions  cannot  be  complied  with,  provision  shall 

be  made  for  a  stiff  connection  between  the  members  thus  meeting. 

Bed  plates  and  bearing  plates  shall  be  trulv  planed  on  all  sliding  and  Jed  plates  and 

^  "^  ^  "   ^  .  friction  rollers. 

rolling  surfaces,  and  shall  be  so  proportioned  that  the  maximum  pressure 
per  square  foot  on  the  masonry  will  not  exceed  thirty-six  thousand 
(30  000)  pounds.  They  shall  be  securely  anchored  against  upward  and 
sideway  motion. 

The  rollers  shall  be  of  steel ;  the  pressure  per  lineal  inch  on  same 

shall  not  exceed  s/SiO  000  cl,  where  d  is  the  diameter  of  the  rollers  in 
inches. 

The  rollers  and  the  rolling  surface  of  bed  plates  shall  be  protected 
by  wrought-iron  casing  to  keep  out  foreign  matters.  Adjacent  ends  of 
consecutive  spans  shall  have  a  common  bed  plate  of  wrought-iron  at 
each  side  of  bridge. 

One  end  of  each  truss  is  to  be  firmly  anchored  to  the  masonry,  and  Anchorage. 
the  other  end  so  anchored  as  to  prevent  upward  and  sideway  motion,  but 
permitting  longitudinal  motion. 

Quality  of  Materials. — WEOUGnT-iKON. 

All  wrought-iron  must  be  tough,  ductile,  fibrous,  and  of  a  uniform  Character  and 
quality  for  each  class,  straight,   smooth,   free  from  cinder  pockets  or 
injurious  flaws,  buckles,  blisters  or  cracks. 

As  the  thickness  of  the  bar  approaches  the  maximum  that  the  rolls 
will  produce,  the  same  perfection  of  finish  will  not  be  required  as 
in  the  thinner  ones.  No  specific  process  or  provision  of  manufacture 
will  be  demanded,  provided  the  material  fulfills  the  requirements  of  this 
specification. 

3.  The  tensile    strength,  limit  of  elasticity  and    ductility  shall   be  Standard  test 

pieces, 
determined  from  a  standard  test  piece,  not  less  than  I  inch  in  thick- 
ness, cut  from  the  full  size  bar,  and  j^laned  and  turned  parallel ;  if 
the  cross-section  is  reduced,  the  tangent  between  shoulders  shall  be  at 
least  twelve  times  its  shortest  dimension,  and  the  area  of  the  mini- 
mum cross-section  in  either  case  shall  not  be  less  than  i  of  a  square 
inch  and    not  more  than   1   square   inch.     Whenever   practicable,  two 
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opposite  sides  of  the  piece  are  to  be  left  as  tliey  come  from  tlit^  rolls, 

but  the  finish  of  opposite  sides  must  be  the  same  in  this  respect.     A 

full-size  bar,  when  not  exceeding  the  above  limitations,  may  be  used  as 

its  own  test  piece.     In  determining  the  ductility  the  elongation  shall  be 

measured,  after  breaking,  on  an  original  length  the  nearest  multiple  of 

a   J  inch  to  ten  times  the    shortest  dimension  of    the  test    piece,   in 

which  length  must  occur  the  curve  of  reduction  from  stretch  on  both 

sides  of  the  jjoint  of  fractiire,  but  in  no  case  on  a  shorter  length  than  5 

inches. 

Tension  iron  for       4    All  iron  to  be  used  in  the  tensile  members  of  open  trusses,  laterals, 

jpen  trusses.  '■  '  ' 

pins  and  bolts,  except  plate  iron  over  8  inches  wide  and  shaped  iron, 

must  show  by  the  standard  test  pieces  a  tensile  strength  in  pounds  per 

square  inch  of — 

7  000  area  of  original  bar 


52  000  X 


circumference  of  original  bar 


(all  in  inches), 


with  an  elastic  limit  not  less  than  one-half  the  strength  given  by  this 
formula,  and  an  elongation  of  20  per  cent. 

Plate  iron  24  inches  wide  and  under,  and  more  than  8  inches  wide, 
must  show  by  the  standard  test  pieces  a  tensile  strength  of  48  000  i^ounds 
jser  square  inch,  with  an  elastic  limit  not  less  than  26  000  pounds  per 
sqiiare  inch,  and  an  elongation  of  not  less  than  12  per  cent.  All  plates 
over  24  inches  in  width  must  have  a  tensile  strength  not  less  than  46  000 
jiounds  per  sqiaare  inch,  with  an  elastic  limit  not  less  than  26  000  pounds 
per  sqiiare  inch. 

Plates  from  24  to  36  inches  in  width  must  have  an  elongation  of  not 
less  than  10  per  cent. ;  and  those  from  36  to  48  inches  in  width,  8  per 
cent. ;  over  48  inches  in  Avidth,  5  per  cent. 

All  shaped  iron  and  other  iron  not  hereinbefore  sj)ecified  must  show 
by  the  standard  test  pieces  a  tensile  strength  in  pounds  per  square  inch 
of— 

7  000  area  of  original  bar 


50000  X 


circumference  of  original  bar, 


with  an  elastic  limit  of  not  less  than  one-half  the  strength  given  by 
this  formula,  and  an  elongation  of  15  per  cent,  for  bars  g  of  an  inch 
and  less  in  thickness,  and  of  12  per  cent,  for  bars  of  greater  thickness. 

All  i^lates,  angles,  etc.,  which  are  to  be  bent  hot,  in  the  manufacture, 
must,  in  addition  to  the  above  requirements,  be  capable  of  bending 
sharply  to  a  right  angle  at  a  working  heat  without  sign  of  fracture. 

All  rivet  iron  must  be  tough  and  soft,  and  pieces  of  the  full  diameter 
of  the  rivet  must  be  capable  of  bending  cold  until  the  sides  are  in  close 
contact  without  sign  of  fracture  on  the  convex  side  of  the  curve. 

All  iron  specified  in  clause  4  must  bend  cold,  180  degrees  without 
sign  of  fracture,  to  a  curve  the  inner  radius  of  which  equals  the  thick- 
ness of  the  piece  tested. 
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Specimens  of  full  thickuess  cut  from  plate  iron,  or  from  the  flanges 
or  webs  of  shaped  iron,  must  stand  bending  cold  through  90  degrees,  to 
a  curve  the  inner  radius  of  which  is  one  and  a  half  times  its  thickness, 
without  sign  of  fracture. 

11.  For  each  contract  four  standard  test  pieces  and  one  additional  for  Number  of  teat 
each  50  000  jjounds  of  wrought-iron  will,  if  required,  be  furnished  and 
tested  by  the  contractor  without  charge,  and  if  any  additional  test  pieces 
are  required  by  the  purchaser,  they  will  be  made  for  him  at  the  rate  of 
85  each  ;  or,  if  the  contractor  desires  additional  tests,  they  shall  be  made 
at  his  own  expense  under  the  supervision  of  the  j)urchaser,  the  quality 
of  the  material  to  be  determined  by  the  result  of  all  the  tests  in  the 
manner  set  forth  in  the  following  clause  : 

The  respective  requirements  stated  are  for  an  average  of  the  tests  for 
each,  and  the  lot  of  bars  or  i^lates  from  which  samples  were  selected 
shall  be  accepted  if  the  tests  give  such  average  results,  but  if  any  test 
jiiece  gives  results  more  than  4  per  cent,  below  said  requirements,  the 
l^articiilar  bar  from  which  it  was  taken  may  l)e  rejected,  but  such  tests 
shall  be  included  in  making  the  average.  If  any  test  piece  has  a  mani- 
fest flaw  its  test  shall  not  be  considered.  For  each  bar  thus  giving 
results  more  than  4  per  cent,  below  the  requirements  tests  from  two 
additional  bars  shall  be  furnished  by  the  contractor  without  charge,  and 
if  in  a  total  of  not  more  than  ten  tests  two  bars  (or,  for  a  larger  number 
of  tests,  a  proi)ortionately  greater  number  of  bars)  show  results  more 
than  4  per  cent,  below  the  requirements,  it  shall  be  cause  for  rejecting 
the  lot  from  which  the  sample  bars  were  taken.  Such  lots  shall  not 
exceed  20  tons  in  weight,  and  bars  of  a  single  pattern,  plates  rolled  in 
universal  mill  or  in  grooves,  and  sheared  plates,  shall  each  constitute  a 
separate  lot. 

The  inspection  and  tests  of  the  material  will  be  made  promptly  on  its  T'me  of  inspec- 
'■  tiou. 

being  rolled,  and  the  quality  determined  before  it  leaves  the  rolling 

mill.     All  necessary  facilities  for  this  purpose  shall  be  afforded  by  the 

manufacturer  ;  but,  if  the  inspector  is  not  present  to  make  the  necessary 

tests,  after  due  notice  given  him,  then  the  contractor  shall  proceed  to 

make  such  number  of  tests  on  the  iron  then  being  rolled  as  may  have 

been  agreed  upon  ;  or,  in  the  absence  of  any  special  agreement,  the 

number  provided  for  in  clause  11,  and  the  quality  of  such  material  shall 

be  determined  thereby. 

A  variation  in  cross-section  or  weight  of  rolled  material  of  more  than  vanahou  of 

2l  per  cent,  from  that  specified  may  be  cause  for  rejection. 

Steel. 

No  specific  process  or  provision  of  manufacture  will  be  demanded,  ^'^^^  ''*"• 
provided  the  material  fulfills  the  requirements  of  this  specification.  The 
ultimate  tensile  resistance  of  the  steel  to  be  used  in  tension  shall  be 
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62^500  pounds  per  square  iucli,  and  the  ultimate  tensile  resistance  of  the 
steel  to  be  used  in  compression  shall  be  68  000  pounds  per  square  iuch. 
The  tests  to  be  made  in  the  following  manner  : 

16.  From  one  ingot  of  each  cast  a  round  sample  bar,  not  less  than  i 
of  an  inch  in  diameter,  and  having  a  length  not  less  than  twelve 
diameters  between  jaws  of  testing  machine,  shall  be  furnished  and 
tested  by  the  manufacturer  without  charge.  These  bars  are  to  be 
truly  roimd,  and  shall  be  finished  at  a  uniform  heat,  and  arranged  to 
cool  uniformly,  and  from  these  test  pieces  alone  the  quality  of  the 
material  shall  be  determined,  as  follows: 

Tensile  tests.  ^7.  All  the  above-described  test  bars  must  have  a  tensile  strength 

within  4  000  pounds  per  square  inch  of  that  specified  ;  an  elastic  limit 
not  less  than  one-half  of  the  tensile  strength  of  the  test  bar ;  a  per- 
centage of  elongation  not  less  than  1  200  000  h-  the  tensile  strength  in 
pounds  per  square  inch,  and  a  jaercentage  of  reduction  of  area  not  less 
than  2  400  000  -;-  the  tensile  strength  in  jDOunds  per  square  inch.  In 
determining  the  ductility,  the  elongation  shall  be  measured  after  break- 
ing on  an  original  length  of  ten  times  the  shortest  dimension  of  the  test 
piece,  in  which  length  must  occur  the  curve  of  reduction  from  stretch 
on  both  sides  of  the  point  of  fracture. 

Finish  and  re-  Finislied  bars  must  be  free  from  flaws  or  cracks  and  must  have  a 

ductiou  of  area  i,.,        /,.,,  -,  •  i^ii.  i 

on  fluisbed        workmanlike  finish,  and  round  or  square  test  pieces  cut  thereirom  when 

^^^'  pulled  asunder  shall  have  a  reduction  of  area  at  the  point  of  fracture  as 

above  specified. 

Number  of  test         ^9.  For  each  contract  four  such  tests  for  reduction  of  area  and  four 
pieces. 

for  bending,  and  one  additional  of  each  for  each  50  000  pounds  of  steel, 

will,  if  required,  be  made  by  the  contractor  without  charge,  and  if  the 
purchaser  is  not  satisfied  that  the  reduction  of  area  test  correctly  indi- 
cates the  effect  of  the  heating  and  rolling,  such  additional  tests  for  tensile 
strength,  limit  of  elasticity  and  ductility  as  he  may  desire  will  be  made 
for  him  on  test  pieces  conforming  to  the  provisions  of  clause  3  at  the 
rate  of  $5  each,  or,  if  the  contractor  desires  additional  tests,  he  may 
make  them  at  his  own  expense,  under  the  supervision  of  the  purchaser, 
the  quality  of  the  material  to  be  determined  by  the  result  of  all  the  tests 
in  the  manner  set  forth  in  the  following  clause  : 

Except  for  tensile  strength,  the  respec^tive  requirements  stated  are 

I  for  an  average  of  the  tests  for  each,  and  the  lot  of  bars  or  plates  from 

which  samples  were  selected  shall  be  accepted  if  the  tests  give  such 
average  results,  but,  if  any  test  piece  gives  results  more  than  4  per  cent. 

^  below  said  requirements,  the  jiarticular  bar  from  which  it  was  taken 

maybe  rejected,  but  such  tests  shall  be  included  in  making  the  average. 
If  any  test  piece  has  a  manifest  flaw,  its  test  shall  not  be  considered. 
For  each  bar  thus  giving  results  more  than  4  per  cent,  below  the  require- 
ments tests  from  two  additional  bars  shall  be  furnished  by  the  contractor 
without  charge,  and  if  in  a  total  of  not  more  than  ten  tests  two  bars 
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(or,  for  a  larger  number  of  tests,  a  proportionately  greater  number  of 
bars)  show  results  more  thau  4  per  cent,  below  tlie  requirements,  it 
shall  be  cause  for  rejecting  the  lot  from  which  the  sample  bars  were 
taken.  Such  lots  shall  not  exceed  20  tons  in  weight,  and  bars  of  a  single 
pattern,  i)lates  rolled  in  universal  mill  or  grooves,  and  sheared  plates 
shall  each  constitute  a  separate  lot. 

Rivet  steel  shall  have  a  specided  tensile  strength  of  60  000  pounds  Rivet  steel. 
per  square  inch,  and  test  bars  must  have  a  tensile  strength  within  4  000 
pounds  per  square  inch  of  that  specified,  and  an  elastic  limit,  elonga- 
tion and  reduction  of  area  at  the  point  of  fracture,  as  stated  in  clause 
17,  and  be  capable  of  bending  double,  flat,  without  sign  of  fracture  on 
the  convex  surface  of  the  bend. 

The  insjjection  and  tests  of  the  material  will  be  made  promptly  on  its  Time  of  iuBpec- 
being  rolled,  and  the  quality  determined  before  it  leaves  the  rolling-  ^°°* 
mill.  All  necessary  facilities  for  this  purpose  shall  be  aiforded  by  the 
manufacturer;  but,  if  the  inspector  is  not  present  to  make  the  necessary 
tests,  after  due  notice  given  him,  then  the  contractor  shall  proceed  to 
make  such  number  of  tests  on  the  steel  then  being  rolled  as  may  have 
been  agreed  upon;  or,  in  the  absence  of  any  special  agreement,  the  num- 
ber pro-s-ided  for  in  clauses  16  and  19,  and  the  quality  of  such  material 
shall  be  determined  thereby. 

A  variation  in  cross-section  or  weight  of  rolled  materials  of  more  than  variation  of 
2i  per  cent,  from  that  specified  may  be  cause  for  rejection.  ° 

Cast-ieon. 

Except  where  chilled  iron  is  specified,  all  castings  shall  be  tough 
gray  iron,  free  from  injurious  cold  shuts  or  blow-holes,  true  to  i^attern 
and  of  a  workmanlike  finish.  Sample  pieces  1  inch  square  cast  from 
the  same  heat  of  metal  in  sand  moulds  shall  be  capable  of  sustaining  on  a 
clear  span  of  4  feet  6  inches  a  central  load  of  500  pounds  -when  tested  in 
the  rough  bar. 

Workmanship. 

Inspection  of  the  work  shall  be  made  as  it  progresses,  and  at  as  early  inspectiou. 
a  period  as  the  nature  of  the  work  j^ermits. 

All  workmanship  must  be  first-class.  All  abutting  surfaces  of  com- 
l^reasion  members,  except  flanges  of  plate  girders  where  the  joints  are 
fully  spliced,  must  be  planed  or  turned  to  even  bearings  so  that  they 
shall  be  in  swch.  contact  throughout  as  may  be  obtained  by  such  means. 
All  finished  surfaces  must  be  protected  by  white  lead  and  tallow. 

The  rivet  holes  for  splice  plates  of  abutting  members  shall  be  so 
accurately  spaced  that  when  the  members  are  brought  into  position  the 
holes  shall  be  truly  oj^posite  before  the  rivets  are  driven. 

When   members  are   connected  by  bolts  which   transmit   shearing 
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Rivets. 


Eye-bars  and 
pin-holes. 


Test  of  eyes  oa 
fall-size  bars. 


strains  the  holes  must  be  reamed  pai'allel,  and  the  bolts  turned  to  a 
driving  fit. 

Rollers  must  be  finished  perfectly  round  and  roller-beds  planed. 

Rivets  must  completely  fill  the  holes,  have  full  heads  concentric  with 
the  rivet,  of  a  height  not  less  than  0.6  the  diameter  of  the  rivet,  and  in 
full  contact  with  the  surface,  or  be  countersunk  when  so  required,  and 
machine  driven  wherever  practicable. 

Built  members  must,  when  finished,  be  true  and  free  from  twists, 
kinks,  buckles  or  open  joints  between  the  component  pieces. 

All  pin  holes  must  be  accurately  bored  at  right  angles  to  the  axis  of 
the  members,  unless  otherwise  shown  in  drawings,  and  in  jiieees  not 
adjustable  for  length  no  variation  more  than  aV  of  an  inch  will  be 
allowed  in  the  length  between  centers  of  pin  holes.  The  diameter  of 
the  pin  holes  shall  not  exceed  that  of  the  pins  by  more  than  -^.i  inch,  nor 
by  more  than  --ro  inch  for  j^ins  under  3|  inches  diameter.  Eye-bars 
must  be  straight  before  boring;  the  holes  must  be  in  the  center  of  the 
heads,  and  on  the  center  line  of  the  bars. 

Whenever  links  are  to  be  packed  more  than  ^  of  an  inch  to  the  foot 
of  their  length  out  of  parallel  with  the  axis  of  the  structure,  they  must 
be  bent  with  a  gentle  curve  until  the  head  stands  at  right  angles  to  the 
pin  in  their  intended  j^osition  before  being  bored.  All  links  belonging 
to  the  same  panel,  when  placed  in  a  pile,  must  allow  the  pin  at  each  end 
to  i^ass  through  at  the  same  time  without  forcing.  No  welds  will  be 
allowed  in  the  body  of  the  bar  of  eye-bars,  laterals  or  counters,  except 
to  form  the  loops  of  laterals,  coimters,  and  sway-rods.  Eyes  of  laterals, 
stirrups,  sway-rods  and  counters  must  be  bored.  Pins  and  lateral  bolts 
must  be  finished  jDerfectly  round  and  straight,  and  the  party  contracting 
to  erect  the  work  must  provide  pilot  nuts  where  necessary  to  preserve 
the  threads  while  the  j^ins  are  being  driven.  Thimliles  or  washers 
must  be  used  whenever  required  to  fill  the  vacant  spaces  on  i:»ins  or 
bolts. 

To  determine  the  strength  of  eyes,  full-size  eye-bars  or  rods  with 
eyes  maybe  tested  to  destruction,  provided  notice  is  given  in  advance  of 
the  number  and  size  required  for  the  purpose,  so  that  the  material  can. 
be  rolled  at  the  same  time  as  that  required  for  the  structure,  and  any 
lot  of  iron  bars  from  which  full-size  samples  are  tested  shall  be 
accepted.    " 

First. ~li  not  more  than  one-third  of  the  bars  tested  break  in  the 
eye;  or, 

Seamd. — If  more  than  one-third  do  break  in  the  eye  and  the  average 
of  the  tests  of  those  which  so  break  shows  a  tensile  strength  in  pounds 
per  square  inch  of  original  bar,  given  by  the  formula: 


52  000 


7  000  area  of  original  bar 

Circumference  of  original  bar 


=  500  Avidth  of  bar  (all  in  inches), 
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and  not  more  than  one-balf  of  those  which  break  in  the  eye  fiiil 
at  more  than  5  per  cent,  below  strength  given  by  the  formula.  Any 
lot  of  steel  bars  from  which  full-size  samj^les  are  tested  shall  be  accepted 
if  the  average  of  the  tests  shows  a  strength  per  square  inch  of  original 
bar.  in  those  which  do  break  in  the  eye,  within  4  000  poiinds  of  that 
specified  in  clause  17;  but  if  one-half  the  full-size  samples  break  in  the 
eye,  it  shall  be  cause  for  rejecting  the  lot  from  which  the  sample  bars 
were  taken. 

All  full-size  sample  bars  which  break  in  the  eye  at  less  than  the 
strength  here  specified  shall  be  at  the  exx^euse  of  the  contractor,  unless 
he  shall  have  made  objection  in  writing  to  the  form  or  dimension  of  the 
heads  before  making  the  eye-bars.  All  others  shall  be  at  the  expense 
of  the  purchaser.  If  the  contractor  desires  additional  tests  they  shall 
be  made  at  his  own  expense,  under  the  supervision  of  the  purchaser, 
the  acceptance  of  the  bars  to  be  determined  by  the  result  of  all  the 
tests  in  the  manner  above  set  forth.  A  variation  from  the  sjDecified 
dimensions  of  the  heads  will  be  allowed,  in  thickness  of  -^-j  inch  below 
and  -nr  above  that  specified,  and  in  diameter  of  i  inch  in  either  direc- 
tion; but  if  the  dimensions  of  any  head  fall  below  those  here  allowed, 
such  bar  may  be  tested  in  accordance  with  the  provisions  of  this  section 
to  determine  whether,  if  rejected,  it  shall  be  at  the  expense  of  the  pur- 
chaser or  of  the  contractor. 

Rivet  holes  must  be  accurately  spaced;  the  use  of  drift  pins  will  be  Punching  ana 
allowed  only  for  bringing  together  the  several  parts  forming  a  member, 
and  they  must  not  be  driven  with  siich  force  as  to  distort  the  metal  about 
the  holes;  if  the  hole  must  be  enlarged  to  admit  the  rivet,  it  must  be 
reamed;  all  rivet  holes  in  steel  work,  if  punched,  shall  be  made  with  a 
punch  i  inch  in  diameter  less  than  tlie  diameter  of  the  rivet  intended  to 
be  used,  and  shall  be  reamed  to  a  diameter  -co  inch  greater  than  the  rivet. 

In  all  cases  where  a  steel  jiiece  in  which  the  full  length  is  required  Annealing. 
has   been   partially   heated,    the   whole    piece    must  be  subsequently 
annealed. 

All  bends  in  steel  must  be  made  cold,  or  if  the  degree  of  curvature 
is  so  great  as  to  require  heating,  the  whole  piece  must  subsequently  be 
annealed. 

All  sui'faces  inaccessible  after  assembling  must  be  well  jiainted  or  Painting, 
oiled  before  the  parts  are  assembled.  The  decision  of  the  engineer  shall 
control  as  to  the  interpretation  of  drawings  and  specifications  during 
the  execution  of  work  thereunder,  but  this  shall  not  dejDrive  the  con- 
tractor of  his  right  to  redress,  after  the  completion  of  the  work,  for  an 
improper  decision. 

In  the  effective  area  of  riveted  members,  pin,  bolt  and  rivet  holes  Riveted  work, 
shall  be  counted  out  for  tensitm,  and  bolt  and  pin  holes  shall  l)e  counted 
out  for  compression.     Eivets  are  not  to  be  used  in  direct  tension. 
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Adjustment. 


Sway  bracing. 


Bolts,  wasliers 
and  nuts. 


Railway  floor. 


Rivets  shall  be  used  in  preference  to  bolts  for  all  rigid  connections 
to  resist  shearing. 

The  webs  of  plate  girders  shall  be  spliced  -with  a  plate  on  eacli  side. 

The  space  between  the  edge  of  the  piece  and  the  edges  of  rivet  holes 
shall  be  such  that  the  metal  will  not  crack  or  split  by  punching  and 
riveting. 

Lateral  and  sway-rods  and  all  other  members  requiring  adjustment 
shall  be  jDrovided  with  adjusting  screw  threads  and  check  nuts,  con- 
venient of  access. 

The  whole  structure  shall  be  thoroughly  sway-braced,  Ijotli  horizon- 
tally and  vertically. 

Washers  and  nuts  shall  have  a  uniform  bearing.  All  nuts  shall  be 
easily  accessible  with  a  wrench,  for  the  purpose  of  adjustment.  No 
round-headed  bolts  will  be  allowed.  All  bolts  through  wood  must  be 
provided  with  wrought-iron  washers  under  beads  and  nuts. 

The  cross-ties  shall  be  eight  (8)  inches  by  eight  (8)  inches  by  twenty- 
two  (22)  feet,  spaced  fourteen  (14)  inches  from  center  to  center. 

They  shall  be  fastened  by  five-eighths  (f )  inch  lag  screws  to  guard 
timbers  six  (6)  inches  by  eight  (8)  inches  in  section. 

These  guard  timbers  shall  be  lap-jointed  and  placed  so  that  their 
central  vertical  jilanes  shall  be  thirteen  (13)  inches  outside  of  the  cen- 
tral vertical  planes  of  the  outer  rails. 

Every  fourth  tie  shall  be  bolted  to  the  stringers  by  three-quarter  (J) 
inch  bolts. 

The  ties  and  guard  timbers  shall  be  practically  uniform  in  thickness. 

The  stringers  shall  be  spaced  about  three  (3)  feet  four  (4)  inches 
from  center  to  center. 

The  flooring  of  the  wagon-ways  shall  consist  of  two  thicknesses 
of  plank. 

The  under  flooring  shall  be  of  creosoted  timber  planks  three  (3) 
inches  thick,  fastened  on  nailing  i)ieces,  also  creosoted,  secured  on  the 
top  of  the  stringers. 

The  top  flooring  shall  consist  of  white  oak  or  yellow  jsine  two  and 
one-half  (2 J)  inches  thick  and  not  more  than  eight  (8)  inches  wide. 

The  flooring  of  the  sidewalks  shall  be  of  white  oak  or  yellow  pine 
two  (2)  inches  thick  and  not  more  than  eight  (8)  inches  wide,  fastened 
to  nailing  pieces  secured  on  top  of  stringers. 

The  under  flooring  of  the  wagon-ways  and  the  sidewalk  flooring  shall 
be  of  the  uniform  thickness  specified. 

The  under  flooring  of  the  wagon-way  shall  be  fastened  to  the  nailing- 
pieces  with  seven  (7)  inch  by  seven  sixteenth  (i^^)  inch  wrought 
spikes. 

The  top  flooring  of  the  wagon-way  shall  be  fastened  by  fifty  (50) 
penny  and  the  sidewalks  by  forty  (40)  penny  nails  of  the  best  quality. 
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The  stringers  shall  be  securely  fastened  to  the  floor  beams  and  in 
■such  a  manner  as  to  secure  the  requisite  stiffness  of  the  floor  system. 

The  stringers  for  the  railway  floor  shall  be  placed  between  the  floor 
beams  so  as  to  reduce  the  height  from  base  of  rail  to  bottom  of  floor 
beams  to  a  minimum. 

Two  wheel  guards  eight  (8)  inches  by  ten  (10)  inches,  of  white  oak, 
shall  be  2>i'ovided  on  each  wagon-way.  They  shall  be  lap- jointed  and 
securely  bolted  to  the  flooring  by  three-quarter  (J)  inch  bolts  placed 
four  (4)  feet  apart. 

The  camber  measured  on  the  center  line  of  pins  of  chords  shall  not  Camber. 
be  less  than  one  eighteen  hundredth  (i-sVo)  of  the  span.     The  track  ties 
shall  be  notched  over  the  stringers  sufficiently  to  secure  them  firmly  in 
place. 

The  screens  between  the  wagon-ways  and  railway  shall  be  of  tongued  Ssieons. 
and  grooved  pine  plank  not  more  than  four  (4)  inches  wide,  strongly 
built,  and  supported  so  as  to  resist  a  wind  pressure  of  thirty  (30)  pounds 
per  square  foot.     They  shall  be  painted  on  both  sides  with  three  coats 
of  a^jproved  metallic  paint. 

The  outside  railings  shall  be  of  approved  design,  and  not  less  than  Railings- 
four  (4)  feet  high  above  floor  of  sidewalks. 

They  shall  be  supported  directly  by  the  floor-beam  brackets  and 
braced  laterally  with  strong  outside  stays  riveted  thereto.  Intermediate 
stays  not  more  than  ten  (10)  feet  ajsart  shall  also  be  provided.  The 
railings  and  floor  timbers  shall  extend  over  all  piers  and  make  suitable 
oouneetious  with  the  masonry  at  the  ends  of  the  structure. 

The  timber  shall  be  of  first-class  sound  wood  of  the  kinds  specified.  Timber. 
It  shall  be  sawed  true  and  out  of  wind,  full-sized,  free  from  wind  shakes, 
large  or  loose  knots,  decayed  brash  or  sap-wood,  worm  holes,  or  any 
defect  impairing  its  strength  or  durability.     The  creosoted  timber  shall 
be  jjrepared: 

1st,  by  a  thorough  seasoning  of  the  wood  at  a  temperature  not  to 
exceed  two  hundred  and  thirty  (230)  degrees  Fahrenheit,  in  a  partial 
vacuum  of  twenty-four  (24)  inches  of  mei'cury,  a  sufficient  length  of  time 
being  used  in  this  operation  to  avoid  the  cracking  or  splitting  of  the 
timber. 

2d,  by  the  injection  into  the  wood  under  a  pressure  of  not  less  than 
one  hundred  and  fifty  (150)  pounds  per  square  inch  of  not  less  than 
twelve  (12)  pounds  of  heavy  creosote  oil  to  each  cubic  foot  of  timber. 
This  oil  is  to  be  of  the  best  quality. 

Sap-wood  in  timber  to  l)e  creosoted  will  be  accepted  if  otherwise 
sound. 

All  framing  and  trimming  must  be  done  before  treatment. 

Competent  inspectors  shall  insisect  the  material  at  the  mills  and  inspections  and 
shops  and  make  the  required  tests.     These  inspectors  shall  be  mutually 
agreed  upon.     Before  the  final  estimate  is  jjaid  a  thorough  test  of  the 
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Painting. 


Staging  and 
river  naviga- 
tion. 


Risks. 


finisliecl  structure  shall  lie  made  by  loading  each  span  with  the  nearest 
equivalent  load  obtainable  to  that  described  under  the  head  of  loads; 
each  span  shall  not  deflect  under  such  a  load  more  than  one  eighteen 
hundredth  (rsVu)  oi  its  length,  and  shall  return  to  its  original  camber 
Avlieu  the  load  is  removed. 

All  iron  and  steel  before  leaving  the  shop  shall  be  kept  as  clean  as 
practicable  and  shall  be  thoroughly  coated  with  boiled  linseed  oil ;  and 
all  planed  or  turned  surfaces  shall  be  coated  with  white  lead  mixed  with 
tallow.  After  erection  the  entire  structure,  excluding  timber,  shall  be 
painted  with  two  coats  of  red  lead,  and  the  wooden  screens  shall  be 
painted  with  three  coats  of  metallic  paint. 

No  painting  shall  be  done  in  wet  or  freezing  weather. 

All  staging  and  other  temporary  structures  used  in  the  construction 
of  the  bi-idge  shall  be  removed  by  the  contractor  before  payment  of  the 
final  estimate.  River  navigation  and  circulation  on  streets  and  railway 
tracks  iu  the  neighborhood  of  the  bridge  site  shall  be  maintained  dur- 
ing erection,  the  contractor  complying  in  such  matters  with  any  regu- 
lation or  condition  that  may  be  imposed  by  the  United  States  Engineer 
in  charge  of  the  Ohio  River,  l»y  the  city  authorities,  or  by  the  railway 
companies. 

The  contractor  shall  assume  all  risks  from  floods,  storms,  damage  to 
persons  and  property,  and  casualties  of  every  description,  and  shall 
furnish  all  materials,  labor  and  machinery  necessary  or  incidental  to  or 
in  any  way  connected  with  the  manufacture,  transportation,  erection 
and  maintenance  of  the  structure  until  its  final  acceptance,  without 
additional  compensation. 

Supplementary  Specifications  for  Steel  Eye-bars  to  be  Furnished. 

BY   THE   PhCENIX   BrUDGE    CoMPANY. 

3.  The  tensile  strength,  limit  of  elasticity  and  ductility  shall  be 
determined  from  a  standard  test  piece,  not  less  than  J  inch  in  thickness, 
cut  from  the  full-sized  bar,  and  planed  or  turned  parallel ;  if  the  cross- 
section  is  reduced,  the  tangent  between  shoulders  shall  be  at  least 
twelve  times  its  shortest  dimension,  and  the  area  of  minimum  cross- 
section  in  either  case  shall  not  be  less  than  i  of  a  square  inch  and  not 
more  than  1  square  inch.  Whenever  practicable,  two  opposite  sides  of 
the  ijiece  are  to  be  left  as  they  come  from  the  rolls,  but  the  finish  of 
opi^osite  sides  must  be  the  same  in  this  respect.  A  full-sized  bar,  when 
not  exceeding  the  above  limitations,  may  be  used  as  its  own  test  piece. 
In  determining  the  ductility  the  elongation  shall  be  measured,  after 
breaking  on  an  original  length  the  nearest  multiple  of  a  i  inch  to  ten 
times  the  shortest  dimension  of  the  test  piece,  in  which  length  must 
occur  the  curve  of  reduction  from  stretch  on  both  sides  of  the  point  of 
fracture,  but  in  no  case  on  a  shorter  length  than  5  inches. 
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4.  The  ultimate  tensile  resistance  of  the  steel  to  be  used  in  tension 
shall  be  62  500  pounds  per  square  inch. 

16.  From  one  ingot  of  each  cast  a  round  sample  bar  not  less  than  J 
of  an  inth  in  diameter,  and  having  a  length  of  not  less  than  twelve 
diameters  between  jaws  of  testing  machine,  and  two  pieces  cut  from 
the  finished  bars  for  each  cast  and  prepared  as  in  clause  3  shall  be 
furnished  and  tested  by  the  manufacturer  without  charge.  The  bars 
from  the  ingot  are  to  be  truly  round,  and  shall  be  finished  at  a  uni- 
form heat,  and  arranged  to  cool  uniformly. 

The  tests  from  the  finished  bars  shall  be  made  as  set  forth  in  clause 
3.  From  these  tests  the  quality  of  the  material  shall  be  determined  as 
follows  : 

17.  All  the  above-described  test  bars  must  have  a  tensile  strength 
within  4  000  pounds  per  square  inch  of  that  specified  in  clause  4;  an 
elastic  limit  of  not  less  than  one-half  of  the  tensile  strength  of  the  test 
bar;  a  percentage  of  elongation  of  not  less  than  1200  000:  the  tensile 
strength  in  pounds  per  square  inch,  and  a  percentage  of  reduction  of 
area  not  less  than  2  400  000  :  the  tensile  strength  in  pounds  per  square 
inch.  In  determining  the  ductility  the  elongation  shall  be  measured 
after  breaking  on  an  original  length  of  ten  times  the  shortest  dimension 
of  the  test  j^iece,  in  which  length  must  occur  the  curve  of  reduction 
from  stretch  on  both  sides  of  the  point  of  fracture. 

18.  Finished  bars  must  be  free  from  injurious  flaws  or  cracks  and 
must  have  a  Avorkmanlike  finish,  and  round  or  square  test  pieces  cut  there- 
from when  pulled  asunder  shall  have  a  reduction  of  area  at  the  point  of 
fracture  as  above  specified. 

19.  For  each  contract  four  such  tests  respectively  for  reduction  of 
area  and  for  bending,  and  one  additional  of  each  for  each  50  000  pounds 
of  steel,  will,  if  required,  be  made  by  the  manufacturer  without  charge; 
and  if  the  purchaser  is  not  satisfied  that  the  reduction  of  area  test  cor- 
rectly indicates  the  effect  of  the  rolling  and  heating,  such  additional 
tests  for  tensile  strength,  limit  of  elasticity  and  ductility  as  he  may 
desire  will  be  made  for  him  on  test  pieces  conforming  to  the  pro- 
visions of  clause  3,  at  the  rate  of  $5  each  ;  or,  if  the  manufacturer 
desires  additional  tests,  he  may  make  them  at  his  own  expense,  under 
the  supervision  of  the  purchaser,  the  quality  of  the  material  being 
determined  by  the  result  of  all  the  tests  in  the  manner  set  forth  in 
the  following  clause: 

20.  Excej^t  for  tensile  strength,  the  respective  requirements  stated 
are  for  an  average  of  the  tests  for  each,  and  the  lot  of  bars  or  plates 
from  which  samples  were  selected  shall  be  accepted  if  the  tests  give 
such  average  results ;  but,  if  any  test  piece  gives  results  more  than  4 
per  cent,  below  said  requirements,  the  particular  bar  from  which  it  was 
taken  may  be  rejected,  but  such  tests  shall  be  included  in  making  the 
average.    If  any  test  piece  has  a  manifest  flaw,  its  test  shall  not  be  con- 


76  BURR    ON    RIVER   SPANS    OF   CINCINNATI    BRIDGE. 

siclered.  For  each  bar  thus  giving  results  ruore  than  4  per  cent,  below 
the  requirements,  tests  from  two  additional  bars  shall  be  furnished  by 
the  manufacturers  -svithout  charge,  and  if  in  a  total  of  not  more  than 
ten  tests  two  bars  (or,  for  a  larger  number  of  tests,  a  proijortionately 
greater  number  of  bars)  show  results  more  than  4  per  cent,  below  the 
requirements,  it  shall  be  cause  for  rejecting  the  lot  from  which  the 
samjjle  bars  were  taken.  Such  lots  shall  not  exceed  20  tons  in 
weight,  and  bars  of  a  single  pattern  sliall  each  constitute  a  separate  lot. 

22.  The  inspection  and  tests  of  the  material  will  be  promjitlv  made 
on  its  being  rolled,  and  the  quality  determined  before  it  leaves  the 
rolling  mill.  All  necessary  facilities  for  this  purpose  shall  be  aflbrded 
by  the  manufacturer  ;  but,  if  the  inspector  is  not  present  to  make  the 
necessary  tests,  after  due  notice  given  him,  then  the  manufacturer  shall 
proceed  to  make  such  number  of  tests  on  the  steel  then  being  rolled 
as  may  have  been  agreed  uj)on  ;  or,  in  the  absence  of  any  special  agree- 
ment, the  number  provided  for  in  clauses  16  or  19,  and  the  quality  of 
such  material  shall  be  determined  thereby. 

23.  A  variation  iu  cross-section  or  weight  of  rolled  material  of  more 
than  2i  percent,  from  that  si:)ecified  may  be  cause  for  rejection. 

32.  All  pin  holes  must  be  accurately  bored  at  right  angles  to  the 
axis  of  the  members,  unless  otherwise  shown  in  the  drawings,  and  in 
pieces  not  adjustable  for  length  no  variation  of  more  than  3-v-  of  an 
inch  will  be  allowed  in  the  length  between  centers  of  pin  holes;  the 
diameter  of  the  pin  holes  shall  not  exceed  that  of  the  pins  by  more 
than  3-2  inch,  nor  by  more  than  5-0  inch  for  j^ins  under  3i  inches 
diameter.  Eye-bars  must  be  straight  before  boring;  the  holes  miist  be 
in  the  center  of  the  heads,  and  on  the  center  line  of  the  bars. 

All  eye-bars  belonging  to  the  same  panel,  when  i^laced  in  a  pile, 
must  allow  the  pin  at  each  end  to  pass  through  at  the  same  time  with- 
out forcing.  No  welds  whatever  will  be  allowed  in  any  part  of  any 
eye-bar. 

33.  To  determine  the  strength  of  the  eyes,  full-size  bars  with  eyes 
may  be  tested  to  destruction,  provided  notice  is  given  in  advance  to  the 
number  and  size  for  this  purpose,  so  that  the  material  can  be  rolled  at 
the  same  time  as  that  required  for  the  structure. 

35.  In  all  cases  where  a  steel  juece  in  which  the  full  strength  is 
required  has  been  jjartially  heated,  the  whole  piece  must  be  subse- 
qiiently  annealed. 

For  the  jnirpose  of  making  tests  of  full-sized  bars  cover  the  process 
of  annealing  as  Avell  as  mode  of  manufacture  aud  dimensions  and 
shape  of  head;  all  bars  of  any  lot  of  eye-bars  annealed  at  the  same  time 
shall  be  designated  by  a  special  mark,  and  sliall  be  considered  as  one 
"lot."  A  complete  record  of  the  number  and  size  of  bars  in  each  lot 
shall  be  jiresorved.  A  lot  shall  also  consist  of  all  bars  of  whatever 
length,  of  the  same  dimensions  of  cross-section  or  of  same  dimensions 
of  head. 
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Any  lot  of  steel  bars  from  wliicli  full-sized  samples  are  tested  shall 
be  accojjted  if  the  average  of  the  tests  shows  a  strength  per  square  inch 
of  original  bar  in  those  which  break  in  the  eye  equal  to  that  si^ecified 
in  clause  17;  but  if  one-half  of  the  full-sized  test  bars  belonging  to 
any  lot  break  in  the  head,  all  bars  of  such  a  lot  may  be  rejected. 

All  bars  belonging  to  any  lot  may  be  rejected  if  the  test  bars  of  that 
lot  break  in  the  bo.ly  and  show  an  avei'age  ultimate  resistance  under 
58  500  2)ounds  per  square  inch  in  original  section. 

All  full-sized  bars  which  break  in  the  eye  at  less  than  the  strength 
here  sijecified  shall  be  at  the  exj)ense  of  the  manufacturer,  unless  he  ' 

shall  have  made  objection  in  writing  to  the  form  or  dimension  of  the 
heads  before  making  the  eye-bars. 

The  costs  of  the  bars  and  the  tests  of  bars  which  break  in  the  head, 
or  which  break  in  the  boly  of  the  bar  at  less  than  58  500  ijounds  per 
square  inch,  or  which  belong  to  rejected  lots,  shall  be  borne  by  the 
manufacturer;  the  expense  of  other  full-sized  tests  shall  also  be  borne 
by  the  manufacturer,  but  the  bars  shall  be  paid  for  at  contract  price, 
lesrs  its  scrap  value. 

SUPPLEIIENTAKY   SPECIFICATIONS   FOR   StEEL   PiNS   FOR   OhIO   RiVER 

Bridge. 

The  ultimate  tensile  resistance  of  the  steel  to  be  used  in  all  pins 
shall  be  62  500  pounds  per  square  inch. 

(3.)  The  tensile  strength,  limit  of  elasticity  and  ductility  shall  be  Standard  test 
determined  from  a  standard  test  piece,  not  less  than  J  inch  in  thickness, 
cut  from  the  full-sized  bar,  and  planed  and  turned  parallel;  if  the  cross- 
section  is  reduced,  the  tangent  between  shoulders  shall  be  at  least  twelve 
times  its  shortest  dimension,  and  the  area  of  the  minimum  cross-section 
in  either  case  shall  not  be  less  than  i  of  a  square  inch,  and  not  more 
than  1  square  inch.  Whenever  practicable,  two  opposite  sides  of  the 
piece  are  to  be  left  as  they  come  from  the  rolls,  but  the  finish  of 
opposite  sides  must  be  the  same  in  this  respect.  A  full-sized  bar,  when 
not  exceeding  the  above  limitations,  may  be  used  as  its  own  test  j^iece. 
In  determining  the  ductihty  the  elongation  shall  be  measured,  after 
breaking,  on  an  original  length  the  nearest  multiple  of  ^  inch  to  ten 
times  the  shortest  dimension  of  the  test  piece,  in  which  length  must 
occur  the  curve  from  reduction  from  stretch  on  both  sides  of  the  point 
of  fracture,  but  in  no  case  on  a  shorter  length  than  5  inches. 

(16.)  From  one  among  the  ingots  of  each  cast  two  round  sample  Test  bars, 
bars,  not  less  than  J  of  an  inch  in  diameter,  and  having  a  length  of  not 
less  than  twelve  diameters  between  jaws  of  testing  machine,  shall  be 
furnished  and  tested  by  the  manufacturer  without  charge.  These  bars 
are  to  be  truly  round,  and  shall  be  finished  at  a  uniform  heat,  and 
arranged  to  cool  uniformly,  and  from  these  test  pieces  alone  the  quality 
of  the  material  shall  be  determined  as  follows: 
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(17.)  All  the  above-described  test  bars  miist  have  a  tensile  strength 
within  4  000  pounds  per  S(|uare  inch  of  that  specified,  au  elastic  limit  not 
less  than  one-half  of  the  tensile  strength  of  the  test  bar,  a  percentage  of 
elongation  not  less  than  1  200  000  -^  the  tensile  strength  in  pounds  per 
square  inch,  and  a  percentage  of  reduction  of  area  not  less  than  2  400  000 
-f-  the  tensile  strength  in  pounds  per  square  inch.  In  determining  the 
ductility  the  elongation  shall  be  measured  after  breaking  on  an  original 
length  of  ten  times  the  shortest  dimension  of  the  test  jsiece,  in  which 
length  must  occur  the  curve  of  reduction  from  stretch  on  both  sides  of 
the  25oint  of  fracture. 

Finished  pins  must  be  free  from  injurious  flaws  or  cracks  and  must 
have  a  workmanlike  finish,  and  round  or  square  pieces  cut  therefrom 
when  pulled  asunder  shall  have  a  tensile  resistance  and  reduction  of  area 
at  the  point  of  fracture  as  above  specified. 

(19.)  For  each  contract  four  tests  for  tensile  resistance  and  reduction 
of  area  and  four  for  bending,  and  one  additional  for  each  50  000  ijounds 
of  steel  will,  if  required,  be  made  by  the  contractor,  without  charge;  and 
if  the  purchaser  is  not  satisfied  that  the  reduction  of  area  test  correctly 
indicates  the  effect  of  the  heating  and  rolling,  such  additional  tests  for 
tensile  strength,  limit  of  elasticity  and  ductility  as  he  may  desire  will  be 
made  for  him  on  test  pieces  conforming  to  the  provisions  of  clause  3  at 
the  rate  of  .^5  each;  or,  if  the  contractor  desires  additional  tests,  he  may 
make  them  at  his  own  expense,  under  the  supervision  of  the  purchaser, 
the  quality  of  the  material  to  be  determined  by  the  result  of  all  the 
tests  in  the  manner  set  forth  in  the  following  clause: 

If  any  test  piece  has  a  manifest  flaw,  its  test  shall  not  be  considered. 
For  each  bar  thus  giving  results  more  than  4  per  cent,  below  the  require- 
ments tests  from  two  additional  bars  shall  he  furnished  by  the  contractor 
without  charge,  and  if  in  a  total  of  not  more  than  ten  tests  two  bars  (or, 
for  a  larger  number  of  tests,  a  proportionately  greater  number  of  pins) 
show  results  more  than  4  per  cent,  below  the  requirements,  it  shall  be 
cause  for  rejecting  the  lot  from  which  the  sample  bars  were  taken.  Such 
lots  shall  not  exceed  20  tons  in  weight. 

The  inspection  and  tests  of  the  material  will  be  made  jjromptly  on 
its  being  rolled,  and  the  quality  determined  before  it  leaves  the  rolling 
mill.  All  necessary  facilities  for  this  purpose  shall  be  afforded  by  the 
manufacturer;  but,  if  the  iusiDector  is  not  present  to  make  the  necessary 
tests,  after  due  notice  given  him,  then  the  contractor  shall  proceed  to 
make  such  number  of  tests  on  the  steel  then  being  rolled  as  may  have 
been  agreed  upon;  or,  in  the  absence  of  any  special  agreement,  the 
number  pro\ided  for  in  clauses  16  and  19,  and  the  quality  of  such 
material  shall  be  determined  thereby. 

Rounds  from  which  pins  are  to  be  turned  must  be  true  and  straight, 
so  that  in  turning  to  finished  size  the  metal  removed  shall  at  no  point  be 
more  then  v  inch  thick,  nor  at  any  place  shall  flaws  or  cracks  be  revealed 
by  the  cutting  tool. 
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All  forged  pins  shall  be  reduced  from  a  single  bloom  or  ingot  until 
perfect  homogeneity  is  set-nred  throughout  the  whole  mass.  The  finished 
fcrgings  shall  be  free  from  all  flaws  or  cracks.  No  forging  shall  be  done 
below  a  red  heat,  and  after  the  forging  is  complete  each  rough  pin  shall 
be  thoroughly  annealed. 

All  forged  pins  in  the  rough  must  be  so  nearly  true  that  in  turning 
the  thickness  off  metal  taken  off  must  not  exceed  i  inch  at  any  point. 

Whether  pins  are  forged  or  rolled,  if  any  cracks  or  flaws  are  revealed 
while  in  the  lathe  by  the  cutting  tool,  such  pin  or  pins  will  be  rejected. 

Specifioations  for  Steel  Rivets  for  the  Cincinnati  and  Covington 

Bridge. 

Rivet  steel  shall  have  a  specified  tensile  strength  of  60  000  pounds 
per  square  inch,  and  test  bars  must  have  a  tensile  strength  within  4  000 
pounds  per  square  inch  of  that  specified,  and  an  elastic  limit,  elongation 
and  reduction  of  area  at  the  point  of  fracture,  as  stated  below,  and  be 
capable  of  bending  double,  flat,  without  sign  of  fracture  on  the  convex 
surface  of  the  bend. 

16,  From  one  ingot  of  each  cast  two  round  sample  bars,  not  less  than  Test  bars. 
J  of  an  inch  in  diameter,  and  having  a  length  not  less   than  twelve 
diameters  between  jaws  of  testing  machine,  shall  be  furnished  and  tested 

by  the  manufacturer  without  charge.  These  bars  are  to  be  truly  round, 
and  shall  be  finished  at  a  uniform  heat,  and  arranged  to  cool  uniformly, 
and  from  these  test  pieces  aloue  the  tj^uality  of  the  mate.ial  shall  be 
determined  as  follows: 

17.  All  the  above-descril)ed  test  bars  must  have  a  tensile  strength  Tensile  tests. 
within  4  000  pounds  per  square  inch  of  tliat  specified,  an  elastic  limit 

not  less  than  one-half  of  th?  tensile  strength  of  the  test  bar,  a  percentage 
of  elongation  not  less  than  1  200  000  -;-  the  tensile  strength  in  pounds  per 
square  inch,  and  a  percentage  of  reduction  of  area  not  less  than  2  400  000; 
the  tensile  strength  in  pounds  per  square  inch.  In  determining  the 
ductility  the  elongation  shall  be  measured  after  breaking  on  an  original 
length  of  ten  times  the  shortest  dimension  of  the  test  piece,  in  which 
length  must  occur  the  curve  of  reduction  from  stretch  on  both  sides  of 
the  jioint  of  fracture. 

19.  Finished  bars  must  be  free  from  injurious  flaws  or  cracks  and  Finish  and  re- 
must  have  a  workmanlike  finish,  and  round  or  square  test  pieces  cut  ^u  g'^jsij" cf^^ 
therefrom  when  pulled  asunder  shall  have  a  reduction  of  area  at  the  ^*''®- 
point  of  fracture,  as  above  specified. 


so 
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DISCUSSION 


F.  C.  OsBOKN,  M.  Am.  Soc.  C.  E. — How  was  the  strain  iu  upper 
flange  of  top  chord,  due  to  weight  of  chord  itself,  taken  care  of  ?  Were 
the  pius  placed  below  center  of  gravity  of  section,  or  were  the  bending 
strains  subtracted  from  the  compressive  unit  chord  stresses  as  obtaiuetl 
from  the  formula  ? 

"WrLLTAM  H.  BuRE,  M.  Am.  Soc.  C.  E. — They  were  placed  below  the 
center  of  gravity,  so  that  the  bending  from  overweight  was  neutralized 
as  nearly  as  practicable. 

J.  B.  Johnson,  M.  Am.  Soc.  C.  E. — How  was  the  tension  on  the  rivets 
prevented  in  the  attachment  of  the  floor  beams  to  the  posts  ? 

Mr.  BuEK. — There  were  no  rivets  used  in  that  connection;  they 
were  closely  fitted  turn  bolts.  If  you  will  notice  the  detail  drawings, 
you  will  find  that  the  floor  beams  are  continuous  with  the  roadway 
floor  bracket.  Its  upper  chord  i^asses  through  a  horizontal  slit  cut  in 
the  post,  so  that  there  is  no  possibility  of  tension  on  those  turned  bolts. 
While  there  is  no  objection  to  tension  in  such  bolts,  you  will  see  that 
the  detail  used  perfectly  avoids  it. 

C.  L.  Strobel,  M.  Am.  Soc.  0.  E. — Is  the  first  joint  of  the  top  chord, 
at  top  of  the  inclined  end  post,  a  pin-bearing  joint  ? 

Mr.  BuEE. — The  joint  at  the  upper  end  of  the  end  post  is  a  pin-bear- 
ing joint. 

Mr.  Strobel. — Do  you  consider  that  there  is  any  necessity  for  making 
this  joint  a  pin-bearing  joint  ?  Would  not  an  abutting  joint  have  been 
more  satisfactory  and  more  consistent,  in  view  of  the  fact  that  the  other 
top  chord  joints  are  abutting  joints  ? 

Mr.  BuER. — Such  a  construction  would  be  perfectly  proper,  but  no 
more  satisfactory'  than  that  used.  A  pin-bearing  joint  was  avoided  at 
the  bend  in  the  upper  chord  in  order  to  obviate  the  use  of  steel  links. 
We  did  not  Avant  any  more  of  them  than  absolutely  necessary. 

Mr.  OsBOBN. — I  don't  think  Professor  Burr  has  answered  the  first 
part  of  my  question.  If  the  pin  was  placed  in  the  center  of  gravity, 
of  course  there  is  no  bending  on  account  of  eccentricity,  but  the  weight 
of  the  member  is  still  there. 

Mr.  Burr. — The  specifications  have  jjrovided  for  that.  The  small 
fraction  of  overweight  bending  remaining  uncared  for,  and  arising  from 
the  fact  that  it  is  not  practicable  to  place  the  pin  centers  at  a  uniform 
distance  below  centers  of  gravity,  was  considered  in  fixing  the  greatest 
allowed  compression  in  the  ui)per  chord.  With  the  SOiuch  depth  of 
chord  used,  the  overweight  bending  is  very  small. 
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ONE   WAY  OF  OBTAINING  BRINE. 


By  Chakles  B.  Brush,  M.  Am.  Soc.  C.  E. " 


WITH  DISCUSSION. 


The  remains  of  the  oldest  and  largest  salt  works  in  this  country  are 
at  Syracuse,  N.  Y.  These  works  have  depended  on  the  brine  obtained 
from  wells  sunk  in  the  State  Salt  Eeservation,  which  brine  ranges  from 
63  to  73  per  cent,  saturation. 

The  very  existence  of  these  salt  industries  depends  upon  their  obtain- 
ing an  ample  and  satisfactory  supply  of  brine  from  some  source,  and 
efforts  to  obtain  such  a  supply  have  long  been  made  by  the  State  and 
private  individuals. 

It  was  not  until  the  Tully  Pipe  Line  Company,  through  its  president, 
William  B.  Cogswell,  M.  Am.  Soc.  C.  E.,  had  made  numerous  exhaustive 
and  extensive  examinations  in  the  vicinity  of  Syracuse,  that  results  were 
obtained  which  promise  to  revive  the  salt  business  in  that  locality,  and 
make  it  once  more  the  leading  industry  of  its  kind  in  this  country. 

These  investigations  developed  the  fact  that  rock  salt  beds  exist 
about  80  miles  east  of  Warsaw  and  20  miles  south  of  Syracuse.  Here 
are  found  two  beds  overlying  each  other,  commencing  about  1  200  feet 
below  the  surface.  The  first  bed  is  43  feet  thick,  then  slate  rock  is 
encountered  25  feet  thick,  then  the  second  bed  of  rock  salt  54  feet  thick. 
The  ground  at  this  point  is  about  400  feet  above  the  Onondaga  Lake  at 
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Syracuse,  aud  420  feet  below  the  Tully  Lakes,  which  lie  on  the  elevated 
plateau  3  miles  further  south. 

Twelve  wells  have  been  sunk,  in  three  groups,  and  work  is  progress- 
ing for  eight  additional  wells.  The  groujDS  are  about  1  000  feet  apart, 
and  each  group  contains  four  wells,  forming  a  rectangle  with  sides  150  x 
400  feet. 

After  the  wells  were  sunk  into  the  first  salt  bed  they  were  double- 
tubed.  The  exterior  tube  is  6  inches  in  diameter  and  the  interior  tube 
3  inches. 

Fresh  water  was  first  let  into  the  interior  tube,  and  after  it  was  satur- 
ated it  was  forced  up  between  the  two  tubes,  as  brine.  The  salt  thus 
dissolved  will  create  a  subterranean  reservoir,  which,  as  it  increases  in 
size,  increases  in  its  cajDacity  to  saturate  the  fresh  water  furnished  to  the 
reservoir.  Gradually  the  reservoir  at  each  well  will  enlarge  iintil,  per- 
haps, in  two  years  they  will  meet,  forming  a  large  reservoir  at  each  group. 
These  will  enlarge,  until  the  reservoirs  at  the  different  groups  unite, 
and  an  immense  salt  basin  will  be  obtained  with  a  rock  cover  1  200  feet 
thick.  After  a  small  basin  is  formed  at  each  well,  it  is  found  better  to 
receive  the  fresh  water  between  the  interior  and  exterior  tubes,  and 
deliver  the  brine  through  the  interior  tube. 

It  now  only  remained  to  determine  the  most  efficient  method  of  taking 
fresh  water  from  a  point  23  miles  south  of  the  reservoir  at  Syracuse  at 
an  elevation  of  820  feet,  converting  it  into  lirine,  and  delivering  the  brine 
in  the  most  convenient  manner  for  use  at  Syraciise. 

The  solution  of  the  problem  was  very  simple. 

The  necessary  dams,  gate-house,  screen-chambers,  etc.,  were  erected 
at  the  Tully  Lakes  to  collect  the  fresh  water  at  the  elevation  of  about  820 
feet. 

Three  miles  north,  where  the  surface  was  at  an  elevation  of  about 
400  feet,  twelve  wells  were  sunk  as  above  described,  1  200  feet  into  the 
bed  salt.  A  wooden  tank  was  built  at  each  well,  and  an  open  surface 
reservoir,  cajiacity  1  000  000  gallons,  was  built  about  30  feet  lower 
than  the  ground  at  the  lowest  well. 

A  12-inch  cast-iron  pipe  was  laid  so  as  to  connect  the  Tully  Lakes 
with  the  wells,  and  other  cast-iron  pipes  connected  each  well  through  its 
wooden  tank,  with  the  1  000  000  gallon  reservoir. 

An  automatic  gate,  regulated  by  a  float  in  the  reservoir,  closed  the 
inlet  to  the  1  000  000  gallon  reservoir  from  the  wells  when  the  reser- 
voir was  full.  When  this  gate  on  the  inlet  pipe  at  this  reservoir  closes 
the  brine  rises  in  the  wooden  tanks,  A  float  in  each  tank  closes  a  valve 
on  the  i^ipes,  delivering  fresh  water  to  the  wells  when  the  tank  is  full. 

At  Syracuse  another  open  surface  reservoir  of  about  5  000  000 
gallons  capacity  was  built  at  an  elevation  of  112  feet. 

The  two  surface  reservoirs,  the  one  at  Syracuse  and  the  one  at  the 
wells,  are  connected  with  12-inch  cast-iron  pipes. 
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The  inlet  to  the  Syracuse  reservoir  is  also  controlled  by  an  automatic 
gate,  closed  by  a  float  when  the  reservoir  is  full. 

Hence,  when  the  brine  is  drawn  from  the  5  000  000  gallon  reser- 
voir the  surface  of  the  brine  therein  lowers  and  the  inlet  pipe  slowly 
opens.  This  draft  slowly  lowers  the  surface  of  the  brine  in  the  1  000  000 
gallon  reservoir  at  the  wells  and  the  inlet  gate  on  the  brine  pipe 
from  the  Avells  to  the  1  000  000  gallon  reservoir  also  slowly  opens. 
This  draft  loAvers  the  brine  in  the  wooden  tanks,  and  the  gates  on  the 
pipes  which  deliver  fresh  water  to  the  wells,  controlled  by  floats  in  the 
tanks,  in  their  turn  slowly  ojsen. 

When  the  draft  at  Syracuse  is  shut  off  the  reverse  action  takes 
2)lace. 

The  whole  movement  being  gradual  and  automatic,  all  danger  from 
water  hammer  is  avoided.  The  necessary  gates,  air-cocks,  blow-offs,  etc., 
along  the  line  are  of  course  provided. 

Construction  commenced  in  May,  1889,  and  was  completed  in 
November  of  the  same  year. 

The  plant  now  yields  about  300  000  gallons  of  brine  per  day  with 
about  90  per  cent,  saturation.  It  is  expected  that  95  per  cent, 
saturation  will  eventually  be  obtained. 

The  line  crosses  the  Onondaga  Eeservation,  and  several  of  the  gangs 
were  composed  entirely  of  Indians.  These  Indians  proved  to  be  the 
best  and  most  reliable  workmen  we  could  have  obtained.  Their  work 
was  most  satisfactory  when  by  themselves,  with  an  Indian  as  a  local 
foreman.  It  was  necessary  to  treat  them  with  more  dignity  than 
ordinary  laborers.  They  would  not  tolerate  abuse.  They  were  not 
daunted  by  hard  work,  heat,  nor  wet  weather.  There  was  but  little 
intemperance  among  them,  and  when  paid  off  they  dejDOsited  the  large 
proportion  of  their  money  in  the  Syracuse  Bank,  sending  it  there  by  a 
committee  from  among  themselves  so  as  to  lose  as  little  time  as  possible. 

I  make  the  above  statement  in  relation  to  these  Onondaga  Indians, 
because  the  facts  differ  so  radically  from  the  preconceived  opinions  of 
myself,  and  perhaps  of  others,  in  relation  to  this  class  of  people.  No 
doubt  our  success  was  largely  due  to  the  common  sense  and  unusual  tact 
of  the  general  foreman. 

All  the  work,  except  the  sinking  of  the  well,  was  performed  under  a 
l^ercentage  agreement.  Notwithstanding  the  extraordinarily  wet  season, 
it  was  completed  within  six  mouths,  and  10  per  cent,  below  the  original 
estimate. 

Annexed  to  this  paper  will  be  found  a  profile  of  the  main,  a  section 
showing  the  strata  at  each  well,  and  a  sketch  showing  the  principle  of 
the  connection  at  each  well. 
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DISCUSSION 


Mr.  Edwabd  N.  Trtjmp. — The  State  Salt  Works  in  Syracuse  are  not 
making  nearly  as  miicli  salt  as  they  have  made  in  years  past.  The  outjiut 
last  year  was  not  much  over  500  000  bushels,  against  a  maximum  output 
of  1  000  000  bushels  six  or  eight  years  ago.  The  falling  oflf  in  produc- 
tion is  not  due  to  any  decrease  in  the  strength  of  the  brine,  as  that  has 
actually  increased  in  strength  since  we  started  our  works,  but  it  is  due 
to  the  competition  caused  by  the  discovery  of  beds  of  rock  salt  from 
which  could  be  obtained  saturated  brine. 

With  a  well  1  200  feet  deep  the  interior  3-inch  tube  extends  ta 
within  6  inches  of  the  bottom  of  the  well  and  of  the  bottom  of  the  bed  of 
salt.  The  exterior  tube  is  only  put  down  far  enough  into  the  rock  to 
shut  off  any  veins  of  water  which  may  have  come  into  the  well.  If  the 
well  were  perfectly  dry  it  would  not  be  necessary  to  put  any  exterior 
tube  in  our  wells.  We  put  down  an  8-inch  tube  through  any  surface 
soil  or  sand,  until  we  strike  the  rock,  then  inside  of  this  we  jjut  a  6-inch 
tube  down  about  900  feet,  until  it  reaches  some  70  or  80  feet  below  the- 
vein  of  water  which  comes  into  all  the  wells  at  this  point.  The  joint 
between  the  tube  and  the  rock  is  made  as  tight  as  possible  by  driving 
the  tube  into  the  rock  and  by  putting  in  cement,  wheat  or  beans  around 
the  tube.  Flaxseed  is  sometimes  used  for  the  same  purjjose.  We  get  a 
tight  enough  joint  to  stand  900  feet  of  water  around  the  outside  of  this 
6-inch  pipe,  so  that  when  the  well  is  baled  out  from  the  inside  and 
allowed  to  stand  it  is  perfectly  dry  for  almost  any  length  of  time.  If 
this  were  not  done  the  water  which  is  forced  down  the  well  would  travel 
oflf  into  the  strata  of  rock  in  the  same  veins  in  which  the  water  comes, 
and  we  should  not  get  brine  equal  to  the  amount  of  water  forced  into- 
the  well. 

We  have  had  considerable  trouble  in  the  last  two  months  with  small 
leaks  on  our  delivery  main.  We  have  found  one  piece  of  cracked  pipe, 
but  most  of  the  leaks  were  in  the  caulking,  esi^ecially  on  top  of  the 
bell.  Many  of  these  leaks  it  was  impossible  to  see  on  the  surface  of  the 
ground,  and  our  attention  was  only  called  to  them  by  the  condition  of 
the  shade  trees  which  happened  to  be  near.  Many  of  them  were  only 
the  size  of  a  pin,  where,  i^erhaps,  the  brine  oozed  out  and  ran  down  the 
surface  of  the  metal  without  any  spiirting  at  all.  The  trees  would  come 
out,  and  after  a  day  or  two  the  leaves  would  drop  down,  showing  that 
something  was  the  matter.  Our  inspector  watched  the  trees  along  the 
line,  and  wlieu  he  noticed  a  tree  began  to  show  symptoms  of  failing,  by 
digging  down  to  the  roots  he  would  find,  sometimes  within  20  feet,  a 
very  small  leak. 
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We  have  stopped  some  fifty  or  one  hundred  leaks  in  this  way  within 
the  past  two  months,  and  seem  to  have  gotten  them  about  all  in  shape. 
Some  of  them  may  be  due  to  the  settling  of  the  pipe. 

These  leaks  show  that  it  is  probable  that  water  mains  leak  large 
quantities  of  water  without  it  being  noticed  at  all  on  the  surface  of  the 
ground.     Some  of  the  leaks  ran  quite  a  large  stream  without  showing. 

The  wells  are  all  running  nicely,  and  since  changing  the  method  of 
operation  to  forcing  around  the  outside  and  up  the  center  tube  the 
brine  has  become  stronger,  and  we  now  get  the  full  suj^ply  for  our  works 
at  95  per  cent,  saturation.  As  soon  as  we  get  the  benefit  of  our  new 
wells  we  hope  to  supply  the  salt-makers. 

John  Bogakt,  M.  Am.  Soc.  C.  E. — Is  Onondaga  Lake  brackish? 

Mr.  Brush. — Yes,  quite  brackish.  At  Station  8  a  well  was  sunk, 
as  shown  on  Plate  XVII,  but  no  salt  was  found.  Further  investigations 
developed  the  fact  that  the  salt  beds  lie  between  Stations  9^  and  10^, 
about  10  000  feet  in  width.  Beyond  these  stations  slate  rock  was 
encountered  under  the  limestone  rock,  instead  of  salt. 

A  Member. — "What  is  the  depth  of  the  wells  at  Syracuse? 

Mr.  Brush. — I  understand  about  300  feet.  Mr.  Trotter  can  jirobably 
inform  us  as  to  the  depth  of  the  wells  at  Piffard  and  Warsaw. 

A.  W.  Trotter,  Jun.  Am.  Soc.  C.  E. — The  geological  section  is 
probably  about  the  same  from  Syracuse  to  Buffalo.  In  the  Warsaw 
Valley  the  depth  is  about  1  600  to  1  800  feet  to  salt. 

Mr.  Brush. — My  diagram  shows  that  the  sea  level  is  772  feet  below 
the  surface  of  the  ground,  and  that  the  salt  is  struck  300  feet  below  sea 
level. 

Mr.  Trotter. — That  fact  may  prove  true  all  the  way  to  Buflfalo — 
that  is,  for  that  elevation  of  the  groixnd.  It  is  about  the  same  as  in  the 
Genesee  Valley  where  salt  is  found.  But  if  the  same  general  fact  is 
true,  as  Mr.  Brush  has  stated,  that  salt  is  not  found  much  north  of 
Station  9 J  on  the  diagram,  the  fact  of  only  finding  salt  below  sea  level 
would  also,  I  think,  prove  true  elsewhere.  Of  course,  the  further  south 
you  go  the  further  below  the  sea  level  the  salt  would  go,  following  the 
dip.  The  fact  of  its  being  found  300  feet  below  sea  level  there  and  at 
Piffard,  is  probably  only  true  because  the  elevation  of  the  surface  of 
the  country  is  700  feet  above,  so  far  as  we  may  judge  from  our  present 
insufficient  data. 

T.  H.  McCann,  M.  Am.  Soc.  C.  E. — Was  the  lining  of  the  pipe  the 
ordinary  lining,  and  was  there  any  efiect  from  the  action  of  the  salt? 

Mr.  Brush. — The  lining  is  ordinary  iron  tubing,  and  it  will  have  to 
be  renewed  from  time  to  time. 

The  annual  report  of  the  Superintendent  of  the  Onondaga  Salt 
Springs,  for  the  year  1889,  makes  this  statement  in  reference  to  the 
brine  obtained  from  these  wells  : 
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"For  the  jDrofile  of  the  brine  pipe  line  accomiDanying  this  rejjort  I 
am  indebted  to  the  kindness  of  the  officers  of  the  Solvay  Process  Com- 
pany. It  requires  no  explanation.  There  are  two  facts,  however,  con- 
nected therewith  to  which  I  wish  to  call  your  special  attention,  since,  in 
my  opinion,  they  are  of  the  utmost  importance,  namely:  First,  the  salt 
is  found  directly  under  the  limestone;  therefore,  no  caving  in  of  these 
Avells  can  occur,  which  gives  so  much  trouble,  and  is  so  expensive,  both 
in  time  and  money,  to  the  nianufaetiirers  in  the  western  part  of  the 
State;  and,  secondly,  by  taking  the  water  from  the  Tully  Lakes,  situ- 
ated 300  feet  above  these  wells,  it  saves  all  the  expense  for  pumping, 
since  the  j^ressure  exerted  by  this  fresh  water  through  the  pipe  forces 
the  brine  to  the  surface,  and  from  there  it  comes,  by  gravity,  to  Syra- 
cuse. Ten  more  wells  have  now  been  contracted  for  by  the  Oomi^any, 
to  be  sunk  at  once.  With  these  wells  in  operation,  sutficient  brine  can 
be  obtained  to  make  4  000  000  bushels  of  salt  annually.  In  regard  to 
the  quality  of  the  brine  now  obtained,  I  siibmit  the  following  analysis, 
which  I  have  made  of  a  sample  of  brine  obtained  from  the  Company: 
Specific  gravity,  1.1861,  at  60  degrees  Fahr.  (water  and  brine  at  same 
temperature) : 

Sulphate  of  lime 0.5862 

Chloride  of  calcium 0 .  0123 

Chloride  of  magnesium 0115 

Pure  salt 23 .  6530 

Water 75.7370 

100.0000 

"These  results  compare  most  favorably  with  the  analyses  of  the  best- 
brines  of  this  country." 
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ON  THE  CAUSE  OF  TRADE- WINDS. 


By  Fkanz  a.  Velschow,  C.E. 


WITH  DISCUSSION. 


Maury's  theory  on  trade-winds  which,  up  to  the  present  day,  has  not 
been  superseded  by  any  other,  though  admitted  to  be  highly  unsatisfac- 
tory and  even  contradictory,  was  formed  at  a  time  when  the  materials 
on  hand  of  actual  observations  were  very  scanty.  At  the  beginning  of 
this  year  I  formed  another  theory  which  to  me  seems  to  meet  the  case, 
and  when  I,  not  long  ago,  crossed  the  Atlantic  in  the  teeth  of  the  anti- 
trade-winds, the  subject  naturally  recurred  to  my  mind,  and  so  I  shall 
here  try  to  set  forth  the  opinion  I  have  arrived  at,  as  it  may  cause  other 
engineers  to  express  their  valuable  opinions  on  the  subject. 

The  theory  now  in  existence  was  founded  mainly  on  the  following 
observations :  1.  Ehrenberg's  observation  that  certain  animalcules  found 
1  )y  him  in  the  sand  dust  on  the  islands  of  Cape  Verde  were  supposed  to 
have  been  carrie  1  there  by  the  wind  from  Brazil,  as  he  knew  of  no  other 
place  Avhere  such  animalcules  were  to  be  found;  and  2,  The  rotary  mo- 
tion of  the  earth. 

1.  As  to  Ehrenberg's  observation  already  the  late  Admiral  Fitzroy 
says  in   his  "  Weatherbook  :"     "  Similar  animalcules   were   afterwards 
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found  in  sand  dust  on  islands  in  the  Mediterranean  Sea,  and  these  were 
also  supposed  to  have  been  blown  from  Brazil,  though  the  Sahara  lies 
between."  It  is  well  known  that  heaps  of  sand  are  carried  from  the 
Sahara  to  the  islands  of  Cape  Verde  by  the  violent  gales  "the  Harmat- 
tan,"  and  also  into  the  Mediterranean  Sea  by  the  Ziroceo  or  Foehn- 
wind  (Fohn),  as  it  is  called  in  Switzerland,  and  it  is  therefore  highly 
probable  that  Ehrenberg's  animalcules  never  came  from  Brazil  but  from 
the  Desert  of  Sahara.  However,  Ehrenberg's  observations,  says  Admi- 
ral Fitzroy,  furnished  the  celebrated  Captain  Maury  with  two  fixed 
l^oints  whereupon  to  start  his  theory  on  trade-winds.  As  the  surface 
wind  between  these  two  places  is  nearly  constantly  blowing  from  the 
islands  of  Cape  Verde  towards  Brazil  the  animalcules  were  supjiosed  to 
have  been  carried  by  an  upper  or  counter-current  from  Brazil  to  the 
islands  of  Cape  Verde.  To  re-establish  equilibrium  the  existence  of 
counter-currents  appeared  a  very  natural  supposition,  i^articularly  as, 
at  that  time,  the  cycling  movement  of  the  surface  air  had  not  as  yet 
been  pointed  out.  The  whole  question  of  counter-currents  at  a  higher 
level  was  hereby  brought  conspicuously  to  the  front;  but  it  seems  now 
that  they  can  only  have  a  very  slight  or  secondary  efifect  upon  the  atmos- 
pheric phenomena  at  the  earth's  surface,  as  there  exists  a  decided  rela- 
tion between  the  direction  of  surface  winds  and  the  general  distribution 
of  pressure.  Upper-currents,  therefore,  do  not  appear  at  all  in  our  ex- 
planation of  the  trade-winds. 

2.  As  to  the  earth's  rotation:  railroad  engineers  will  have  observed 
that  trains  running  north  and  south  press  with  their  wheels  harder 
against  one  rail  than  against  the  other  when  running  one  way,  and 
against  the  other  rail  when  running  in  the  opposite  direction,  and 
that  this  is  owing  to  the  earth's  rotation.  But  for  meteorologists  to 
conclude  therefrom  that  a  body  of  air  moving  north  and  south  over 
the  earth's  surface  should  change  its  direction  for  this  same  reason 
seems  hardly  to  be  admissible.  A  current  of  surface-air  is,  so  to  speak, 
moving  in  a  tunnel  on  the  bottom  of  the  ocean  of  air,  being  on  both 
sides  and  above  closed  in  by  other  air  which,  by  being  in  a  state  of 
relative  rest  has,  by  itself,  a  rotary  motion  corresponding  to  the  latitude 
on  which  it  is  found.  To  be  able  to  curve,  the  current  of  air  would 
have  to  shift  this  surrounding  air,  which  seems  very  improl  able.  But 
we  see  clearly  that  the  argument  must  be  wrong,  because  the  current  of 
air  curves  not  only  when  the  wind  is  of  a  north  and  south  direction, 
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"but  exactly  in  the  same  manner  and  degree  Avheu  (take  for  example  the 
case  of  the  current  round  an  anti-cyclone)  the  wind  is  Mowing  east  and 
■west.  In  this  latter  case  the  curvature  cannot  be  owing  to  the  earth's 
rotation;  but  if  it  is  not  the  cause  then,  neither  can  it  be  when  the 
wind  is  blowing  north  and  south,  as  these  exactly  similar  phenomena 
must  liave  one  and  the  same  cause. 

This  rotation  theory  is,  however,  supported  by  the  coincident  that 
the  surface  air  rotates  in  opposite  directions  in  the  two  hemispheres, 
and  it  appears  as  a  disturbing  element  in  a  great  many  meteorological 
explanations.  It  is,  for  instance,  set  forth  as  a  general  maxim  that  to  estab- 
lish equilibrium  the  air  in  a  high-pressure  will  tend  to  move  outwards 
from  the  center  in  all  directions,  and  inwards  toward  the  center  in  a 
low  pressure,  but,  owing  to  the  earth's  rotation,  the  wind  curves  off 
from  its  original  direction.  The  result  is  that  in  an  anti-cyclone  we 
find  a  current  of  surface  air  moving  round  the  border  of  it.  If  this  cur- 
rent, however,  was  really  a  manifestation  of  a  tendency  to  establish 
equilibriiim,  we  should  find  the  pressure  gradually  lowering  at  the 
center  ;  but  strangely  it  appears  that  certain  anti-cyclones,  remain  more 
or  less  permanent  in  spite  of  this  current ;  and  not  only  they  remain 
permanent  nearly  all  the  year  round,  but  it  appears  that  when  the  border 
cun-ent  is  at  its  strongest,  that  is  just  the  time  when  the  pressure  is 
increasing  at  the  center  (we  are  here  thinking  of  the  North-Atlantic  anti- 
cyclone). One  would  naturally  conclude  from  this  that  the  current  is 
somehow  carrying  air  toward  the  center  rather  than  the  opposite.  Of 
the  motion  of  air  round  a  low  pressure  or  cyclone  we  find  a  similar 
explanation.  There  is  no  cause  given  for  the  origin  of  the  low-pressure 
or  vacuum,  but  it  once  being  there  the  air,  while  moving  towards  it  from 
all  directions  in  trying  to  fill  it  out,  bends  ofi"  from  its  original  course 
owing  to  the  efieet  of  the  earth's  rotary  motion,  and  so,  having  once 
missed  the  center,  keeps  on  circling  round  it,  always  trying  to  reach  the 
center,  but  never  appearing  to  get  there. 

It  will  not  be  necessary  to  enter  upon  the  complicated  theory  which 
has  been  formed  on  these  two  observations,  but  it  may  here  be  observed 
that  it  leads  to  the  monstrosity  that  the  trade-winds,  after  having  blown 
across  the  earth's  surface,  are  supposed  to  rise  to  a  higher  level,  there  to 
pass  through  each  other  and  then  come  down  again  to  the  surface  as  anti- 
trades (having  changed  their  direction  in  the  meantime  owing  to  the 
earth's  rotation),  as  if  it  was  possible  to  imagine  that  the  wind  could 
blow  at  any  jjoint  in  two  opposite  directions  at  the  same  time. 
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The  earlier  observations  on  the  direction  of  the  trade-winds  have 
mostly  been  made  by  seafaring  people,  and  as  it  was  observed  that  the 
direction  of  the  winds  over  the  adjoining  land  surfaces  does  not  follow 
the  same  rules  as  could  be  applied  at  sea,  so  it  was  concluded  that  the 
trade-winds  were  something  exclusively  pertaining  to  the  sea  surface, 
and  the  theory  we  have  meat'oned  was  formed  accordingly,  entirely 
neglecting  the  winds  from  the  land. 

If  we  now  would  try  to  uphold  a  different  theory  on  trade-winds  we 
may  commence  by  observing  that  the  principal  cause  of  the  aerial 
movements  we  are  here  to  discuss  appears  to  be  the  varying  degree  of 
surface  evaporation  at  different  localities.  The  heat  from  the  sun  is 
generally  recognized  as  being  the  bottom  cause  of  all  aerial  disturbances, 
but  if  there  was  no  surface  evaporation,  or  a  perfectly  uniform  surface 
evaporation,  the  sun's  heat  would  be  communicated  to  the  earth  in  such 
a  uniform  manner  that  one  can  hardly  imagine  a  cause  for  any  wind  at 
all.  Where  an  ordinary  degree  of  surface  evaporation  takes  place,  about 
half  the  sun's  heat  is  utilized  in  transforming  water  into  invisible  vapor, 
the  other  half  in  heating  the  surface  and  surface  air.  Where  no  evapo- 
ration takes  place,  as  in  deserts  and  dried-up  places,  all  the  sun's  heat 
goes  to  heat  the  surface  and  the  surface  air. 

I  must  here  beg  to  refer  the  reader  to  my  pamphlet  on  the  cause  of 
deserts  and  droughts,*  in  which  it  is  maintained  that  the  effect  of  ab- 
sence of  surface  evai^oration  is  the  development  over  arid  districts  of 
a  layer  of  highly  unsaturated  surface  air,  or,  what  I  call  an  air  cushion, 
which  makes  it  impossible  for  rain  to  come  down  on  the  dried  up  land, 
as  long  as  it  prevails  over  it.  I  also  suggested  there  that  the  dry  and 
heavy  surface  air  would  be  likely  to  run  off  the  land,  and  we  shall  now 
see  that  it  does  run  off  the  land,  and  for  some  reason  or  another  always 
in  a  westerly  direction  (that  is  in  a  direction  opi^osite  the  way  the  earth 
rotates)  out  over  the  oceans  adjoining  the  deserts.  It  is  the  jiassage  of 
this  dry  air  over  the  sea  surface  which  we  call  the  trade-winds. 

The  subjoined  map  of  the  world,  Plate  XIX,  is  taken  from  K.  H. 
Scott's  Elementary  Meteorology,  1887.  It  shows  the  mean  pressure  and 
prevailing  winds  for  one  calendar  month.  But  I  have  here  taken  the  map 
of  the  Northern  Hemisphere  for  July,  together  with  the  maji  of  the 
Southern  Hemisphere  for  January,  as  to  be  able  to  find  out  the  analogous 

*  The  Natural  Law  of  Relation  between  Rainfall  and  Vegetable  Life.  Stanford,  London, 
1888. 
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atmospheric  features  of  tlie  two  liemisplieres  we  must  compare  the 
two  hemispheres  when  they  are  in  the  same  intermediate  position  with 
regard  to  the  sun.  The  most  prominent  feature  to  be  observed  on  this 
map  is  a  stationary  high-j^ressure  or  anti-cyclone  jirevailiug  over  each 
of  the  five  great  exjjanses  of  oceans  and  the  wind  circiilating  round 
them  according  to  Buy  Ballot's  law;  that  is,  turning  to  the  right  in 
the  Northern  Hemisphere  and  to  the  left  side  in  the  Southern. 

The  i^ersistency  of  these  high-pressures  is  indeed  remarkable  when 
it  is  remembered  that  high-pressure  means  dry  air  and  clear  sky.  How 
then  does  it  hapjjen  that  this  dry  air  exists  over  the  oceans,  and  how 
can  this  dry  air  keep  itself  up  against  the  lively  evaporation  from  the 
sea  surface  when  the  sun  is  always  shining  on  it  ? 

On  Plate  XX,  I  have  inserted  the  rainless  districts  of  the  earth,  and  it 
will  be  noticed  that  to  the  east  of  each  high-pressure,  a  little  nearer  the 
equator  is  found  a  desert  or  a  drought  district  (which  latter  are  perfectly 
dried  up  and  therefore  practically  deserts  during  summer).  Over  each 
of  these  dry  districts  dry  surface  air  is  constantly  developing  and 
accumulating ;  surely  therefore  there  must  be  a  connection  between 
these  dry  localities  and  the  dry  air  accumulated  to  the  west  of  each  of 
them  over  the  sea  surface. 

I  shall  now  point  out  the  connection  between  the  Sahara  and  the 
great,  almost  permanent,  anticyclone  in  the  North-Atlantic  Ocean  at 
Horse-latitudes,  the  explanation  of  four  other  instances  of  high  pres- 
sures mentioned  being  perfectly  analogous. 

On  Mr.  Scott's  map  is  not  given  any  indication  of  the  prevailing 
■winds  over  the  Sahara,  but  it  is  well  known  that  the  wind  blows  constantly 
from  the  east  over  the  Sahara  during  nine  months  of  the  year,  carrying 
enormous  masses  of  sand  from  the  desert  into  the  Atlantic  Ocean, 
and  the  violent  Harmattan  gales  on  the  west  coast  of  Africa  are  felt 
hundreds  of  miles  out  at  sea,  where  the  ship's  decks  often  get  covered 
by  sand  dust  from  the  desert. 

Let  us  now  examine  what  becomes  of  this  hot  and  dry  air  which  is 
constantly  pouring  out  from  the  desert  over  the  North-Atlantic,  and  let 
us  try  to  explain  the  trade-winds  by  this  simple  fact.  Taking  before  us 
the  time  of  the  year  when  the  wind  for  a  few  months  has  ceased  to 
blow  from  the  desert,  we  find  that  the  Horse-latitude  anti-cyclone  over 
the  Sargasso  Sea  is  generally  broken  up  and  the  pressure  over  this  part 
of  the  North-Atlantic  more  or  less  indifierent.    When  then  a  Harmattan 
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gale  bursts  from  the  Sahara  the  body  of  hot  and  dry  surface  air  which 
thereby  is  broxight  out  over  the  ocean,  will,  for  obvious  reasons,  cool 
down.  It  gets  thereby  condensed,  and  the  air,  which  in  its  expanded 
state  when  over  the  desert  showed  no  remarkable  high  pressure,  will  in 
its  more  condensed  state  over  the  sea  surface  soon  appear  on  weather 
charts  as  a  center  of  high-pressure.  Howsoever  the  high-pressure 
commences,  the  wind  which  is  constantly  blowing  from  the  desert  must 
bend  oflf  from  this  high-pressure  either  to  one  side  or  the  other;  but  it 
so  ha^jpens  that  the  high-pressure  always  locates  itself  a  little  to  the 
north,  and  consequeutly  the  wind  which  comes  straight  east  and  west 
from  the  Sahara  is  bent  off  in  a  southwesterly  direction  along  the  west 
coast  of  Africa.  The  dry  air  of  this  current,  however,  appears  to 
adhere  to  the  body  of  dry  air  already  found  over  the  ocean,  and  so  the 
current  from  the  desert  follows  the  high-pressures  all  round  its  circum- 
ference. The  initiating  cushion  or  "island  "  of  dry  air  resting  over  the 
ocean  is  thereby  gradually  increasing  in  bulk  as  the  circulating  current 
is  constantly  adding  fresh  supply  of  dry  air  to  it,  or  in  other  words, 
this  current  acts  as  a  feeder  of  the  anti-cyclone.  Without  this  feeding 
process  the  anti-cyclone  would  soon  die  away,  owing  to  the  evaporation 
from  the  sea  surface,  which,  by  making  the  air  lighter,  acts  against  the 
high-pressure. 

"We  may  simply  describe  the  whole  proceeding  by  saying  that  the 
desert  air  is  running  into  a  pool  over  the  sea  surface,  as  the  reader  will 
have  observed  that  whenever  we  cause  a  fluid  to  run  into  a  pool,  say  for 
instance  water  running  into  a  cavity  on  the  floor,  the  inflowing  fluid  does 
not  run  in  straight,  but  is  always  circulating  round  the  center  of  the 
pool,  thereby  gradually  increasing  it  in  bulk. 

Plate  XIX  shows  the  anti-cyclone  fully  developed.  The  air  on  both 
sides  of  the  feeding  current  is  drawn  by  it  in  a  direction  towards  it,  and 
we  thus  see  the  complete  system  of  trade  and  auti  trade-winds  plainly 
before  us. 

Plate  XX,  which  follows  the  directions  of  the  prevailing  winds,  as 
shown  on  Plate  XIX,  as  closely  as  conformable  to  my  way  of  reasoning, 
merely  shows  the  main  or  feeding  current  of  the  anti-cyclone. 

From  this  explanation  of  the  cause  of  trade-winds  may  be  drawn 
some  conclusions  not  without  a  certain  general  interest.  In  the  first 
jilace,  it  will  be  noticed  that  the  existence  of  this  permanent  North- 
Atlantic  anti-cyclone  dei)ends  directly  upon  co-existence  of  the  Desert 


\ 


VELSCHOW   ON"    CAUSE    OF  TKADE-WINDS.  ]07 

of  Sahara,  and  it  is  well  known  how  much  the  state  of  weather  in  these 
latitiTdes  is  dependent  on  this  anti-cyclone,  as  cyclone  after  cyclone 
follows  each  other  round  its  borders.  It  was  suggested  some  years  back 
to  try  to  submerge  the  Sahara,  and  it  was  also  surmised  then  that  such 
an  iindertaking,  if  it  could  be  carried  out,  would  be  likely  to  cause  an 
entire  change  in  the  climate  of  Europe.  We  may  now  joerhaps  better 
realize  what  would  be  the  effect  on  the  climate  of  Europe,  and  America 
too,  for  that  matter,  if  the  desert  was  put  under  water,  and  it  seems 
hardly  to  be  a  desirable  one. 

This  anti-cyclone  or  air  cushion  is  always  moving  slowly  in  one  direc- 
tion or  another,  and  when  sometimes  it  reaches  in  over  the  west  coast  of 
North  America  it  gives  warm  weather  to  these  shores,  and  the  wind  there 
is  then  always  blowing  from  the  south.  When,  however,  people  in  this 
country  would  argue  that  the  weather  is  warm  then  because  the  wind 
comes  from  the  south,  it  may  now  appear  that  the  weather  is  warm  not 
because  the  wind  is  from  the  south,  but  because  this  air  has  come  across 
the  Atlantic  from  the  Sahara,  and  then  turned  into  a  northerly  direttion. 
It  takes,  namely,  a  very  considerable  time  for  a  large  body  of  heated  sur- 
face-air to  get  cooled  down,  and  the  circulating  current  of  desert  air  is 
still  very  warm  when  it  has  crossed  the  Atlantic  once  more  on  the  north 
side  of  the  center  of  high-i:)ressure  and  approaches  Europe.  It  causes 
some  perplexity  to  meteorologists  in  England  to  exj)lain  why  the  warm 
weather  then  generally  comes  from  a  northerly  direction ;  as  will  apjiear 
from  the  map,  the  current  from  the  desert  here  takes  that  direction 
round  the  high-pressure  center.  It  thus  sometimes  happens  that  late  in 
autumn  a  period  of  warm  and  fine  summer  weather  suddenly  sets  in, 
after  a  long  continuation  of  cold  and  rainy  weather ;  but  in  all  such 
instances  hereof,  which  I  have  had  before  me,  Western  Europe  has  been 
covered  by  the  North-Atlantic  anti-cyclone,  so  here  we  meet  the  heated 
air  from  the  Sahara  once  more. 

It  may  be  as  well  to  mention  here  that  the  difference  in  temperature 
between  night  and  day  does  not  appertain  to  the  atmosphere  as  a  whole, 
but  is  a  mere  surface  effect,  owing  to  the  radiation  of  heat  into  space. 
Thus  the  temperature  in  the  desert  may  on  a  clear  night  sink  as  low  as 
zero  after  the  hottest  day,  but  if  we  were  to  go  up  in  a  balloon  a  hun- 
dred feet  or  so,  we  would  find  the  air  there  as  warm  as  during  the  day- 
time; and  also  if  we  dig  down  a  foot  or  so  in  the  sand  we  would  find  it 
equally  hot  there.     When  the  sky  is  overcast  so  as  to  prevent  radiation. 
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the  air  in  the  desert  hardly  changes  its  temperature  from  day  to  night, 
and  I  have  exjjerieneed  in  the  interior  of  Australia  112  degrees  Fahr. 
during  a  clouded  night. 

The  trade-winds  of  the  North-Atlantic  are  stronger  or  more  pro- 
nounced than  those  of  any  other  ocean.  But  the  desert  area  over 
which  the  dry  air  originates  is  also  the  most  extensive,  as  it  consists 
not  only  of  the  Desert  of  Sahara,  but  further  to  the  east  we  find  the 
rainless  district  of  Arabia,  Persia  and  the  great  Desert  of  Gobi  in 
Central  Asia.  Over  all  this  long  tract  of  dried-uii  land  the  so-called  per- 
ennial winds  are  constantly  moving  the  surface  air  from  east  to  west 
till  they  finally  get  consumed  by  the  North- Atlantic  anti-cyclone. 

If  we  look  at  Map  II  once  more  it  will  be  noticed  that  the 
five  trade-wind  anti-cyclones  are  all  located  a  little  further  from  the 
equator  than  the  dry  tracts  of  land  from  which  the  dry  air  pours  out 
over  the  oceans.  The  reason  hereof  I  shall  not  attempt  to  explain, 
but  the  consequence  of  this  fact  is  that  the  circulation  of  wind  round 
the  centers  of  .high  i^ressure  takes  place  in  opjaosite  directions  in  the 
two  hemispheres,  according  to  Buy  Ballot's  law.  It  cannot  be  main- 
tained, however,  that  this  circulation  in  opposite  directions  is  in  any 
way  owing  to  the  earth's  rotation,  e.  g.,  the  east  winds  from  the 
Sahara  are  thrown  into  a  southwesterly  direction  by  the  North- Atlantic 
center  of  high  pressure,  and  that  is  to  bend  in  a  direction  contrary  to 
Buy  Ballot's  law. 

The  general  conclusions  which  may  be  deduced  from  this  exi^lana- 
tion  of  the  trade-winds  are  as  follows  :  (1.)  The  surface  air  becomes  dry 
by  resting  over  the  large  arid  zone  lying  north  and  south  of  the  equator, 
and  is  formed  into  cushions  of  dry  air  which  are  ultimately  throAvn  west- 
ward over  the  surface  of  the  oceans.  (2.)  By  getting  cooled  down  over 
the  sea  surface  the  dry  air  appears  there  as  centers  of  high  pressure  which 
are  kept  up  or  fed  by  the  continual  flow  of  dry  air  from  land  which  circu- 
lates round  these  centers  of  high  pressure.  (3.)  Each  trade-wind, 
therefore,  in  each  of  the  five  oceans  is  one  continual  current  of  dr}-  sur- 
face air  issuing  from  a  dried-up  land  district  lying  to  the  east  of  them. 
(4.)  The  direction  of  the  circulation  does  not  deiiend  upon  the  earth's 
rotary  motion,  but  upon  the  interposition  of  the  centers  of  high-jsressure 
and  the  corresponding  dried-up  land  districts,  the  former  always  lying 
a  little  further  from  the  equator  than  the  latter. 

As  the  dry  air  which  causes  the  whole  trade-wind  motion  is  produced 
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over  the  dry  land  surface  aud  consumed  or  saturated  by  evaj^oration  in 
the  centers  of  high-pressure  over  the  oceans,  it  will  be  observed  that 
there  is  a  certain  natural  sequence  in  the  explanation  given,  and  it 
•enables  us  to  trace  the  trade-winds  from  their  place  of  origin  to  where 
they  ultimately  die  out. 


DISCUSSION. 


Charles  MACDONAiiD,  M.  Am.  Soc.  C.  E. — The  action  of  the  At- 
lantic Trades,  as  indicated  in  the  paper  just  read,  should  be  of 
special  interest  as  offering  a  very  probable  explanation  of  the  existence 
•of  the  Gulf  Stream. 

I  believe  that  the  old  idea  of  the  discharge  of  the  Gulf  Stream  from 
the  Gulf  of  Mexico  has  long  since  been  abandoned  ;  the  records  of  the 
Coast  Survey  having  shown  that  the  water  space  between  Florida  and 
the  island  of  Cuba  is  utterly  inadequate  to  pass  the  volume  of  water 
known  to  exist  in  the  Gulf  Stream. 

It  would  seem  reasonable,  therefore,  to  assume  that  the  steady 
pressure  of  warm  winds  from  the  coast  of  Africa  toward  the  west  and 
north  should  force  tropical  waters  over  toward  the  North  American 
coast,  along  which  the  current  would  naturally  take  a  northeasterly 
direction. 

There  is  a  current  setting  easterly  through  the  Indian  Ocean  along 
the  Equator,  from  the  coast  of  Africa,  which,  in  all  probability,  is  the 
result  of  a  similar  action  of  the  winds  to  that  described  in  the  paper  ; 
the  southeast  Trades  forcing  the  water  against  the  east  coast  of  Africa, 
which  deflects  it  back  to  the  eastward  iu  a  stream  which  has  a  velocity 
of  about  sixty  knots  per  diem.  A  small  fraction  of  this  stream  finds  its 
w^ay  north  between  the  island  of  Socotra  and  Cape  Guardafui,  causing, 
at  certain  periods  of  the  year,  dangerous  "  cross-seas." 

Mr.  Velschow's  diagram  is  well  worth  the  most  careful  study. 
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The  iDlates  accompanying  the  paper  by  Mr.  Velschow  on  the  Caus& 
of  Trade-Winds  are: 

Plate  XIX. — Map  showing  Mean  Pressure  and  Prevailing  Winds. 

"       XX. — Map    showing  Eainless  Districts  and  Trade-Winds,  and 
their  Belation  to  Stationary  High  Pressure. 
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THE  CHEAPEST  RAILROAD  IN  THE  WORLD. 


By  Abthuk  Pew,*  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


In  tlie  construction  of  most  railroads  in  the  old  world,  and  also  in 
the  older  and  richer  sections  of  the  new,  the  problem  usually  solved  by 
the  engineer  is,  simply  how  to  effect  the  most  judicious  expenditure  of 
the  comijany's  money  and  build  economically  the  road  best  adapted  to 
the  traffic  that  is  to  sustain  it. 

If  from  a  careful  estimate  of  the  probable  business  of  the  road,  and 
of  the  cost  of  operation,  it  ajDpears  that  light  gradients,  long  tangents, 
iron  trestles,  stone  ballast,  a  heavy  rail,  etc. ,  would  be  profitable  invest- 
ments, they  are  usually  adopted;  but  in  poor  or  sparsely  settled  locali- 
ties, especially  in  some  of  the  Southern  and  Western  States,  it  is  often 
very  difficult  to  procure  enough  money  to  build  any  kind  of  a  railroad 
whatever,  and  the  engineer  is  often  called  on  to  make  surveys  and  esti- 
mates for  the  very  cheapest  and  i^oorest  railroad  his  conscience  will 
allow  him  to  build.  Then,  the  problem  to  be  solved  is,  "  Given  a  very 
small  amount  of  money,  required  any  kind  of  a  railroad  that  will  serve 
the  immediate  wants  of  the  section  and  encourage  settlers  to  move  in 
and  develop  it." 

*  Formerly  spelled  Poii. 
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A  few  years  ago,  it  was  the  fortune  of  the  writer  to  assist  the  presi- 
dent of  a  railroad  in  the  solution  of  a  noteworthy  problem  of  this  char- 
acter. It  resulted  in  the  construction  of  Avhat  is  supposed  to  be  the 
cheapest  railroad  that  has  ever  been  built  to  do  a  regular  freight  and 
passenger  business. 

Its  history  is  as  follows:  In  the  fall  of  1884  it  was  decided  to  make  an 
effort  to  build  a  railroad  from  "Wrightsville  to  Dublin,  two  Georgia  vil- 
lages about  19  miles  apart. 

The  prime  movers  of  the  enterprise,  after  canvassing  the  line  of  the 
road  and  the  country  generally,  called  a  meeting  at  Dublin,  organized 
under  the  name  of  the  Dublin  and  "Wrightsville  Eailroad  Company, 
obtained  a  charter,  and  secured  subscriptions  to  the  Capital  Stock  to  the 
amount  of  $22  600.  Mr.  W.  B.  Thomas,  of  Tennille,  Ga.,  was  elected 
President  and  Superintendent,  and  his  judicious  management  was  the 
principal  factor  in  the  success  of  the  road. 

It  was  estimated  that  three-fourths  of  the  amount  subscribed  could 
be  collected  in  instalments  of  10  per  cent,  per  month. 

The  remainder  was  considered  as  worthless,  but  it  was  hoped  that  a 
sufficient  amount  of  new  subscriptions  could  be  obtained  to  make  up  the 
deficiency. 

It  was  now  assumed,  that,  if  the  road-bed  could  be  made  ready  for  the 
rails  with  the  amount  subscribed,  rails  and  rolling  stock  could  be 
procured  on  easy  terms  from  the  Central  Railroad  of  Georgia  (of  which 
it  would  be  a  feeder),  or,  that  the  road  could  be  bonded  for  a  sufficient 
amount  to  purchase  them,  so  it  was  decided  to  build  the  road,  and  the 
writer  was  appointed  Chief  Engineer. 

The  country  through  which  the  line  passes  is  moderately  rough. 

The  Ohoopee  Eiver  and  Bruton  Creek,  both  nearly  100  feet  below 
the  general  level  of  the  country,  are  crossed,  besides  several  smaller 
streams,  and  an  air  line  would  have  given  very  heavy  work.  On  the 
route  selected,  however,  the  hill-sides  were  long  and  smooth,  and  the 
line  could  be  fitted  to  them  with  easy  curves  and  light  work. 

The  location  was  soon  made,  and  griading  commenced  with  about 
forty  convicts.  The  greater  part  of  the  line  was  through  pine  forests, 
and  at  first  the  clearing  was  only  done  for  the  width  required  by  the 
grading.  After  the  grading  was  completed  several  miles  ahead,  the 
convicts  would  return  and  clear  the  full  width  of  the  right  of  way,  all 
suitable  timber  being  hewn  into  cross-ties,  and  the  remainder  being. 
preserved  for  fuel  for  the  engines. 
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The  price  paid  for  the  convicts  was  a  dollar  a  day  each.  The  grad- 
ing done  by  them  cost  about  nine  cents  a  cubic  yard,  and  the  cross-ties 
nine  or  ten  cents  each. 

As  the  grading  was  very  light,  the  roadway  was  made  14  feet  wide  in 
cuts  and  10  feet  wide  on  fills,  the  intention  being  to  widen  both  as  much 
as  necessary  out  of  the  earnings  of  the  road. 

With  this  narrow  roadway,  the  grading  averaged  something  less  than 
4  000  cubii-  yards  per  mile. 

Convicts  were  also  employed,  under  the  direction  of  skilled  foremen, 
in  hewing  bridga  timbers  and  building  trestles  and,  owing  to  the 
aljundauce  of  first-class  timber,  many  trestles  were  Iniilt  entirely  of  trees 
that  had  grown  within  200  feet  of  the  structure.  These  trees  were  cut 
down,  hewn  to  the  proper  dimensions  by  exijert  axmen,  framed,  and 
put  into  trestles  at  less  than  half  the  usual  contract  jirice. 

The  President's  first  annual  report  to  the  stockholders,  shows  that  on 
December  1st,  1885,  the  line  had  been  located,  nearly  all  of  the  right  of 
way  secured  by  donation,  and  that  11  i  miles  of  the  road  had  been  com- 
pleted and  was  in  operation. 

The  track  was  of  standard  gauge,  was  laid  with  a  45-pound  iron  rail, 
fastened  with  fish  plates,  full-bolted,  and  of  course  the  rails  were  full- 
spiked. 

The  ties  were  of  first-class  Georgia  pine,  hewn  on  two  sides,  and 
were  laid  at  the  rate  of  2  640  to  the  mile. 

The  total  cost  of  preparing  the  road-bed  for  the  rails  had  Ijeen  as 

follows : 

Right  of  way  purchased $700  00 

Engineering  Department* 1  134  19 

Grading,  trestles  and  cross-ties 11  557  45 

Total $13  391  64 

Excluding  the  items  of  engineering  and  right  of  way,  the  11  ^^miles 
completed  had  cost  $1  005  per  mile  for  clearing,  grubbing,  grading, 
trestles,  cross-ties  and  ditching,  or  $1  161.49  per  mile  with  engineering 
and  right  of  way  included. 

The  cost  of  a  railroad,  depends  entirely  on  the  various  conditions 
under  which  it  is  built.     In  this  instance,  all  of  the  conditions  ,were 

*  The  small  cost  of  engineering  was  due  to  the  fact  that  the  engineer  only  devoted  a 
small  part  of  his  time  to  the  road  after  the  location  was  completed. 
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specially  favorable,  and  as  stated,  the  road-bed  was  made  ready  for  tlie 
rails  at  a  cost  of  $1  164.49  per  mile, 

"Where  all  the  conditions  are  specially  unfavorable,  a  road  may  well 
cost  forty  to  fifty  times  as  much. 

There  is  an  instance  on  record  where  the  simj)le  sui'vey  of  a  railroad 
cost  £445  per  mile.  The  country  "was  very  rough  and  unhealthy,  and 
the  engineers  labored  under  great  diflSculties,  but  estimating  the  £  at 
$4.90,  the  actual  cost  of  the  survey  alone  was  $2  180.50  per  mile. 

The  track  on  the  Dublin  and  Wrightsville  Kailroad  was  also  unusu- 
ally cheap.  A  good  iron  rail,  varying  in  weight  from  40  to  45  pounds 
per  yard,  was  furnished,  and  laid  for  $1  800  jDcr  mile. 

This  could  not  have  been  done  had  not  the  company  been  favored 
by  a  fortunate  circumstance. 

The  Central  Railroad  of  Georgia,  just  at  this  time,  had  on  hand  a 
large  quantity  of  iron  rails,  in  good  condition,  which  had  been  taken  up 
from  one  of  their  branches  to  be  replaced  by  a  heavy  steel  rail.  As  the 
Dublin  and  Wrightsville  would  be  a  valuable  feeder  for  it,  the  two  com- 
isanies  entered  into  a  contract,  of  which  the  President  of  the  Dublin  and 
Wrightsville,  in  his  report,  says  : 

"This  contract  was  in  substance  as  follows:  That  that  Company 
would  furnish  good  second-hand  rails,  frogs,  switches,  joints  and  spikes, 
and  lay  and  put  the  track  in  good  surface,  from  Wrightsville  to  DubHn, 
for  $35  000,  payable  in  preferred  stock  at  par  value,  with  6  per  cent, 
preference,  out  of  the  net  earnings  of  the  comj)any,  *  *  *  *  and 
that  this  company  should  be  free  from  debt,  and  should  finish  grading, 
bridging,  etc.,  in  a  good  and  substantial  manner,  ahead  of  the  work, 
and  furnish  the  ties  in  easy  and  convenient  reach  of  their  construction 
train." 

The  distance  was  estimated  at  19^  miles,  making  the  cost  of  the  work 
done  by  the  Central  Bailroad  approximately  $1  800  per  mile. 

This  was  probably  less  than  its  real  value,  l)ut  that  company  gener- 
ously did  their  part  very  cheajjly,  in  consideration  of  the  economical 
manner  in  wliich  the  other  work  had  been  done. 

Dublin,  the  objective  terminus  of  the  road,  is  on  the  west  side  of  the 
Oconee  River  (a  navigable  stream),  and  as  it  would  have  cost  $15  000  to 
$20  000  to  have  bridged  the  river,  the  company  was  forced  to  be 
content  with  touching  the  corporate  limits  of  the  town  on  the  east 
bank. 
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It  was  at  first  proposed  to  stop  near  Ligli  water  mark,  but  the  road 
was  finally  built  to  a  bluflf  on  the  bank  of  the  river;  a  wharf  was  con- 
structed, and  a  track  run  to  it  for  convenience  in  receiving  and  shipping 
freight  by  steamboat. 

The  extension  of  the  road  from  the  high  table  land  down  to  the  bank 
of  the  river  was  very  expensive;  the  last  mile  and  a  half  contained  a 
long  trestle  and  a  long  deep  cut,  and,  excluding  the  track,  cost  more 
than  five  times  as  much  per  mile  as  the  rest  of  the  road. 

The  second  annual  rejiort  of  the  President,  shows  that  the  road  had 
been  completed  to  the  bank  of  the  river,  the  distance  being  19  miles. 

The  total  cost  for  engineering,  right  of  way,  salaries  of  officers, 
gi-ading,  cross -ties,  cattle-guards,  ro.id-crossings,  depot  buildings,  water- 
tanks,  wharf,  etc.,  was  $30  380.50,  or  $1 598.97  per  mile;  adding  $35  000.00 
for  track,  sidings,  etc.,  gives  $65  380.50  as  the  total  cost,  or  $3  441.08 
jjer  mile  for  the  road  ready  for  rolling  stock. 

The  character  of  the  business  done,  was  such  that  nearly  all  of  the 
freight  was  received  and  shipped  in  foreign  cars,  so  that  $1  000  a  mile 
Avould  have  been  ample  to  have  secured  all  of  the  rolHng  stock  needed, 
and  the  cost  of  the  road  and  equipment  complete  (had  this  V)een  pur- 
chased), Avould  have  been  $4  441  per  mile. 

It  was  not  necessary  to  buy  rolling  stock,  however,  for  the  following 
reason  : 

The  Dublin  and  Wrightsville,  is  simply  an  extension  of  the  Wrights- 
ville  and  Tennille  Railroad.  This  road  had  been  constructed  from 
Tennille  (a  station  on  the  Central  Railroad)  to  Wrightsville,  a  year  or 
two  before,  and  as  the  company  had  purchased  all  the  rolling  stock 
necessary  for  its  immediate  wants,  and  as  the  combined  length  of  the 
two  roads  was  only  35  miles,  a  contract  was  made  by  which  the  Wrights- 
ville and  Tennille  trains  were  to  run  on  1  )oth  roads,  and  the  expenses  of 
running  them  were  to  be  divided. 

This  arrangement  resulted  in  a  considerable  saving  in  the  train 
expenses  of  both  roads,  and  it  was  of  special  advantage  to  the  Dublin  and 
Wrightsville,  as  it  obviated  the  necessity  of  purchasing  rolling  stock,  so 
that  the  actual  cost  of  the  road  in  operation  with  chartered  roUing  stock 
was  $3  441.08  per  mile. 

The  following  notes  in  regard  to  the  rise  and  fall,  and  curvature,  will 
give  some  idea  as  to  the  character  of  the  country  and  of  the  road. 

About  a  mile  and  a  quarter  after  leaving  Wrightsville,  the  road  crosses 


IIG         PEW    ON   THE    CHEAPEST    RAILROAD    IM    THE    WORLD. 

a  ridge  tlirough  a  gap  20  feet  liiglier  than  the  starting  point.  Within 
the  next  mile  and  a  half,  it  descends  76  feet  to  the  valley  of  the  Ohoopee 
Kiver.  Two  miles  further  it  has  left  the  valley  of  the  Ohoopee,  has 
ascended  87  feet,  and  is  on  a  smooth  ridge.  This  is  followed  a  mile, 
ascending  11  feet,  when  the  summit  of  the  road  is  reached.  From  this 
summit,  descending  gradually  for  3  miles,  and  rapidly  for  1  mile,  it 
crosses  Bruton  Creek  at  an  elevation  138  feet  below  the  summit. 
Following  the  valley  of  this  creek  a  mile  and  a  half,  a  small  tributary 
is  crossed  at  the  same  elevation,  and  is  followed  a  mile  and  a  quarter 
to  its  source,  and  the  ridge  is  crossed  88  feet  above  the  grade  line  at 
the  bottom.  Within  the  next  mile  and  a  half,  it  descends  73  feet,  and 
is  then  on  comparatively  level  ground  till  the  descent  to  the  Oconee 
Eiver  is  commenced.  The  depot  is  in  the  valley  of  the  Oconee,  186 
feet  below  the  summit. 

These  notes  will  show  that  the  line  was  certainly  not  on  a  level 
plain,  and  to  locate  it  so  that  the  grading  should  be  very  light 
reqiiired  a  considerable  amount  of  curvature;  but  great  care  was  exer- 
cised to  use  as  little  as  the  finances  of  the  company  would  admit  of, 
and  to  arrange  that  used  in  the  least  objectionable  manner. 

lu  the  17.6  miles  located  by  the  writer,  there  are  10.8  miles  of  tangent, 
and  6.8  miles  of  curves.  Of  this  distance,  6  miles  are  of  curves  varying 
from  30  minutes  to  4  degrees  deflection  per  station,  and  0.8  of  a  mile  is 
of  4i,  5  and  6  degree  curves.  The  6  degree  curves  are  the  sharpest 
used. 

The  other  mile  and  a  half  was  located  by  another  engineer  and  the 
notes  have  not  been  obtained  as  yet. 

There  are  no  reverse  curves  on  the  road,  and  the  shortest  distance 
between  any  two  curves  is  140  feet. 

The  shortest  curve  is  353  feet  in  length,  with  a  central  angle  of  7 
degrees  and  0.4  minutes.  The  longest  curve  is  4  000  feet,  with  a  central 
angle  of  71  degrees  and  30  minutes,  which  is  the  largest  central  angle  on 
the  road. 

The  average  length  of  curves  is  1  178  feet,  and  the  average  central 
angle  37  degrees  20  minutes.  The  ruling  grade  is  one  and  a  half  per 
cent,  on  tangents,  with  compensation  for  curvature. 

The  engineer  was  instructed  by  the  Board  of  Directors  to  locate  tlie 
line  by  the  village  of  Condor.  The  air-line  distance  from  Wrightsville 
to  Condor,  plus  an  air-line  from   that   point  to  Dublin,  is  5  200  feet 
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shorter  than  the  distance  from  Wrightsville  to  Dublin  by  the  line  of 
the  road. 

Of  course  a  better  line  could  have  been  secured,  by  the  expenditure 
of  more  money,  but  the  company  had  very  little  money,  and  could  not 
exjject  it  to  build  a  first-class  road. 

It  has  been  suggested,  that  it  would  be  of  interest,  to  have  an  estimate 
of  what  would  have  been  the  cost  of  the  road,  had  it  been  laid  with  new 
steel  rails,  but  the  writer  prefers  not  to  insert  such  an  estimate,  for  the 
reason  that  it  would  lead  to  estimates  as  to  the  cost  of  other  changes 
in  the  method  of  construction,  and  these  could  be  extended  indefi- 
nitely. 

The  object  of  this  paper  is  not  to  discuss  the  cost  of  railroads,  nor  to 
teach  any  new  principles  in  railroad  construction,  nor  to  advocate  the 
adojjtion  of  the  methods  described,  but  simply  to  describe  a  raOroad  as 
it  is,  explain  how  it  was  bi;ilt  so  cheaply,  and  place  it  on  record  as 
claiming  to  be  the  cheapest  railroad  in  the  world.  Toy  railroads,  or 
those  built  for  logging  or  other  temjiorary  j)urposes,  have  doubtless 
been  built  for  less  money,  but  it  is  intended  that  this  shall  be  compared 
only  with  permanent  roads,  doing  a  regular  freight  and  passenger 
business. 

American  railroad  engineers  seldom  give  to  the  public,  the  exact  cost 
of  the  work  under  their  charge,  and  this  paper  would  not  have  been 
written,  had  not  the  jDrincipal  facts  and  figures  it  contains,  already  been 
given  to  the  public,  through  the  published  reports  of  the  President  and 
"  Poor's  Manual." 

The  subsequent  history  of  the  Dublin  and  Wrightsville  road  is,  that 
soon  after  completion,  it  was  consolidated  with  the  Wrightsville  and 
Tennille  Railroad,  which,  though  several  miles  shorter,  had  cost  more, 
was  laid  with  very  inferior  rails,  and  contained  some  objectionable 
grades  and  curves. 

The  tAvo  roads  at  present  form  the  Wrights\ille  and  Tennille  Rail- 
road. 

Its  length  is  35^  miles. 

Capital  stock $119  622  21 

Bonded  debt 35  000  00 

Total  stock  and  bonds $154  622  21 
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Since  the  eomiiletiori  of  the  road  to  Dublin,  the  earnings  have 
always  exceeded  the  operating  expenses,  and  from  this  surplus,  and  by 
assuming  a  bonded  debt  of  $35  000,  the  roadway  has  been  widened, 
objectionable  grades  and  curves  have  l)een  improved,  new  depots  have 
been  erected,  additional  cars  and  engines  have  lieen  purchased,  20  miles 
of  new  steel  rails  have  been  bought  and  laid,  and  an  annual  dividend 
of  6f  per  cent,  has  been  paid  to  the  stockholders. 


DISCUSSION. 


A.  M.  WELiiiNGTON,  M.  Am.  Soc.  C.  E. — I  heard  all  about  that  rail- 
road at  the  time  it  was  building,  Mr.  Pew  having  been  in  considerable 
doubt  whether  it  should  not  be  built  to  narrow  gauge.  I  advised 
strongly  against  this,  and  it  now  appears,  with  good  reason,  on  the 
ground  that  a  broad  gauge  road  could  be  built  just  as  cheaply  if  desired. 
The  narrow  gauge  movement  is  so  far  in  the  past  now  that  it  is  hardly 
worth  discussing  that  phase  of  the  question,  as  it  is  now  generally  ad- 
mitted that  the  gauge  has  very  little  to  do  Avith  the  cost  of  a  road;  but 
Mr.  Pew's  paper  would  have  been  a  very  ojsportune  one  a  decade  or  so 
ago. 

D.  J.  Whittemoke,  Past  President  Am.  Soc.  C.  E. — Facts  sometimes 
indicate  how  some  cheap  railways  are  built.  Many  years  ago  a  bank- 
rupt company  was  forced  to  part  with  its  road  and  ajsplied  to  the  j^resi- 
dent  of  the  corporation  with  which  I  was  then  connected  as  engineer, 
to  become  its  purchaser.  The  line  was  most  wretchedly  built,  Imt  as  it 
connected  two  important  points  36  miles  apart  it  was  thought  wise  to 
secure  it.  The  presidents  of  both  companies  were  canny  Scotchmen, 
and  of  course  both  were  intent  on  securing-  the  best  bargain  they  could. 
During  the  conversation  that  led  to  the  i)urchase,  the  purchasing  presi- 
dent said  to  the  seller:  "  We  think  from  what  you  represent  as  the  cost 
of  this  line  that  you  did  not  exercise  due  economy  in  its  building." 
The  answer  was  promptly  given  that,  "The  utmost  economy  was  exer- 
cised. Why,  we  paid  only  $500  for  engineering  for  the  whole  line  of 
36  miles." 

The  line  was  purchased  and  it  became  my  duty  to  rebuild  it  from  the 
grass  roots  up,  and  during  this  process  it  was  a  constant  puzzle  to  me, 
and  I  venture  to  say  that  it  would  have  been  to  the  most  acute  mem- 
ber here  present,  to  determine  just  where  the  $500  had  been  spent  for 
engineering. 

Akthur  Pew,  M.  Am.  Soc.  C.  E. — The  Dublin  and  Wrightsville 
Railroad  being  an   extension  of  the  W.  and   T.  R.  Pi.,  and  having  na 
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connection  with  any  other  road,  was  naturally  designed  to  have  the  same 
gauge. 

Mr.  Wellington  is  mistaken  in  supposing  that  it  was  ever  proposed  to 
make  it  a  narrow  gauge. 

During  its  construction  I  was  also  Chief  Engineer  of  the  Macon  and 
Dublin  Railroad,  then  being  discussed,  and  which  the  Directors  at  first 
proposed  to  build  as  a  narrow  gauge.  I  protested  against  this  and  had 
some  correspondence  with  Mr.  Wellington  on  ihe  subject,  and  he, 
knowing  that  I  was  connected  with  the  Dublin  and  Wrightsville  Eail- 
road,  naturally  supposed  that  to  be  the  road  referred  to. 

The  fact  of  my  being  in  charge  of  both  roads  caused  the  engineering 
expenses  of  the  Dublin  and  Wrightsville  to  be  considerably  less  than 
they  would  otherwise  have  been,  as  after  the  line  was  located  that 
company  only  paid  for  the  time  necessary  for  cross-sectioning,  etc.  But 
all  the  engineering  work  was  done  as  carefiilly  as  if  the  road  was  to  be 
a  costly  one  instead  of  a  cheap  one. 

The  fact  that  a  large  amount  of  curvature  was  necessary,  was  not 
supposed  to  warrant  its  use  on  all  occasions.  Care  was  exercised  to 
avoid  specially  objectionable  forms  of  it,  such  as  reverse  or  short 
"  broken-back "  curves,  and  transitions  were  used  with  all  5  and  6 
degree  curves. 

The  company  did  not  make  the  mistake  of  trying  to  economize  in 
the  engineering,  and  it  was  generally  considered  that  the  care  with 
which  the  location  was  made,  Avas  an  important  element  in  assuring  the 
construction  of  the  road. 

It  has  doubtless  been  observed,  that  another  reason  for  the  small 
cost  of  this  road,  is,  that  it  was  built  with  absolutely  no  profits  to 
middle-men  of  any  character. 

Of  course,  a  great  many  roads  are  built  cheaply  by  doing  very  little 
work,  and  doing  that  in  the  cheapest  and  worst  manner  possible,  but 
this  road  was  not  one  of  that  class. 

The  management  did  not  pride  themselves  so  much  on  building 
a  cheap  road  as  on  doing  so  much  good  work  at  such  small  exi^euse;  and 
I  think  that,  should  any  one  ever  rebuild  this  road,  he  will  not  have  a 
puzzle  similar  to  Mr.  Whittemore's. 
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THE  TUEN-TABLE  ON  THE  MAIN  TRACK  OF  THE 
SILVERTON  RAILROAD  IN  COLORADO. 


By  C.  W.  GiBBS,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


The  Silverton  Railroad  is  a  short  line  but  17.5  miles  long,  and  lias 
the  reputation  of  being  the  steepest  (5  per  cent,  grade),  the  crookedest 
(30  degree  curves)  and  the  best  paying  road  in  Colorado  ;  and  is  owned 
by  one  man,  Otto  Mears.  It  also  has  a  turn-table  on  its  main  track,  and 
it  is  the  purpose  of  tliis  paper  to  describe  it  and  explain  why  it  was  so 
placed. 

This  road  leaves  the  Denver  and  Eio  Grande  at  Silverton,  and  runs 
over  a  divide  11  113  feet  above  sea  level,  then  down  into  the  rich  mining 
country  beyond.  The  country  is  very  rough  and  rugged,  and  in  order 
to  reach  the  town  of  Red  Mountain  it  was  necessary  to  run  up  on  a 
switchback,  as  no  room  for  a  loop  could  be  found.  A  wye  was,  there- 
fore, built,  and  the  engine  could  be  turned  while  the  train  stood  on  the 
main  track.  The  engine  was  thus  placed  ahead  of  the  train,  only  the 
train  is  iDulled  out  of  the  station  rear  end  ahead.     It  runs  thus  till  the 
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turn-table  is  reached.  The  train  is  stopped  at  a  point  marked  A,  Plate 
XXII ;  the  engine  uncoupled,  run  on  to  the  table,  is  turned  and  pulled 
up  to  a  point  near  B,  where  it  is  stopped.  The  train  is  then  allowed  to 
drop  down  to  the  turn-table  and  the  engine  backed  on  to  it.  In  coming 
up  from  Albany  the  train  is  stopped  on  the  down  grade  between  the  sum- 
mit at  B  and  the  table;  the  engine  is  taken  off,  turned  on  the  table  and 
run  up  to  about  A;  the  train  is  then  allowed  to  drop  to  the  table  as  be- 
fore and  the  engine  backed  iip  and  coupled  on,  taking  not  over  five 
minutes  in  going  either  way. 

The  reason  of  putting  the  table  in  was  that  there  were  no  mines  to 
the  east  of  Ironton  as  shown  on  Plate  XXI,  but  between  the  turn-table 
and  the  loop  there  were  several  that  it  was  very  desirable  to  reach,  and 
the  side  hill  is  so  steep  that  it  is  impossible  to  make  a  loop  on  it. 

This  table  is  the  source  of  a  great  deal  of  comment  from  tourists,  of 
whom  there  are  many  during  the  summer  months,  as  it  is  on  the  line 
known  as  the  "circle,"  so  extensively  advertised  by  the  Denver  and 
Kio  Grande  Railroad. 

The  road  is  used  both  for  a  freight  and  passenger  road,  and  as  before 
mentioned,  is  the  best  paying  road  in  Colorado,  two  engines  being  kept 
TDUsy  hauling  ore  to  Silverton  from  the  Red  Mountain  district. 

The  object  of  writing  this  paper  was  to  describe  what  the  author 
thinks  is  quite  a  novelty,  being  the  only  turn-table  that  he  has  ever 
heard  of  which  is  used  upon  a  switchback  in  this  manner,  and  where  the 
grades  are  adjusted  as  they  are  to  let  the  train  run  by  gravity  on  the 
table  from  both  ways. 

Plate  XXI  is  a  print  from  a  photograph  of  the  map  filed  in  Washing- 
ton, and  is  about  9  000  feet  to  the  inch. 

Plate  XXn  is  an  enlarged  sketch  of  the  line  near  the  turn-table. 


122  DISCUSSION   ON   THE   SILVERTON   RAILROAD. 


DISCUSSION. 


J.  FosTEK  CEOWELii,  M.  Am.  Soc.  C.  E. — It  occurs  to  me  that  the 
use  of  this  turn-table  being  simply  to  turn  the  engine  during  transit, 
•while  the  train  waits,  and,  moreover,  as  the  service  is  a  special  one  on  a 
spur  line,  it  would  have  been  better  to  obtain  an  engine  capable  of  run- 
ning in  either  direction  and  not  requiring  to  be  turned,  rather  than 
resort  to  a  turn-table  in  the  main  track  which  contains  an  element  of 
danger  as  well  as  of  delay  to  the  traffic.  The  device,  however,  is  an 
ingenious  one  to  meet  the  peculiar  conditions  of  line;  and  if  experience 
with  it  proves  satisfactory,  there  are  other  jjroblems  on  a  larger  scale 
relating  to  change  of  direction  in  mountain  location  that  it  may  help 
to  solve. 

C.  W.  GiBBS,  M.  Am.  Soc.  C.  E. — If  a  special  engine  had  been  jjro- 
cured,  as  Mr.  Crowell  suggests,  it  would  have  been  at  an  extra  expense, 
owing  to  the  limited  number  wanted;  and  even  with  a  special  design,  it 
might  have  been  difficult  for  any  engine  to  have  backed  its  load  over 
so  steep  a  grade  and  such  sharp  curves  without  more  danger  than  was 
suggested  there  might  be  at  the  turn-table.  The  delay  to  traffic  amounts 
to  nothing,  for  there  are  no  competing  lines,  nor  do  I  expect  there  ever 
will  be.  The  turn-table  has  now  been  in  actual  operation  every  day 
since  June,  1889,  and  no  accident  has  ever  occurred. 
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LITTORAL    MOVEMENTS    OF    THE  NEW  JERSEY 
COAST,   WITH  REMARKS  ON   BEACH  PRO- 
TECTION AND   JETTY  REACTION. 


By  Lewis  M.  Haupt,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 

Resultant  Dikection  op  Dkift. 

la  a  protracted  study  of  tlie  changes  occurring  at  the  various  inlets 
on  our  alluvial  coast,  with  a  view  to  determine  the  resultant  of  the 
forces  producing  them,  the  author  came  to  the  conclusion  that,  what- 
ever the  cause,  there  was  in  many  cases  a  determinate  direction  to  the 
movement  of  littoral  drift ;  that  it  was  this  drift  which  formed  the  most 
potent  element  in  obstructing  the  navigable  channels  of  inlets,  and  that 
but  little  aid  could  be  obtained  from  the  use  of  parallel  or  convergent 
jetting  for  removing  bars  by  the  scour  from  concentrated  ebb  currents. 

Pkedominating  Fokoes  Causing  Movement, 
It  was,  moreover,  believed  that  of  the  various  forces,  winds,  waves, 
currents  and  tides  which  conspired  to  mould  these  bars,  it  would  be 
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found  that  the  unceasing  action  of  the  breakers  uison  a  receding  shore 
line,  as  affected  by  the  direction  of  the  flood  tide  and  littoral  currents, 
Tvas  far  more  effective  than  the  "prevailing  winds,"  and  offered  the  only- 
satisfactory  solution  of  many  i)lienomena  which  were  in  direct  violation 
of  the  wind-wave  theory. 

As  it  is  of  great  importance  in  maritime  works,  that  the  direction 
and  quantity  of  the  resultant  movement  of  shingle  should  be  known,, 
and  as  this  "flood  component  "  theory  advanced  by  the  author  has  been 
severely  criticised,  it  has  induced  him  to -collect  such  data  as  might  be 
found  bearing  ujion  the  subject,  and  to  make  further  observations  along^ 
extended  portions  of  our  Atlantic  coast  line,  where  it  might  reasonably 
be  supposed  the  "  prevailing  winds  "  were  nearly  or  quite  constant  in 
direction.  For  this  purpose  the  coast  of  New  Jersey  from  Sandy 
Hook  to  Cape  May  has  been  selected  for  investigation.  Here,  if  the 
wind-wave  theory  be  correct,  and  esjjecially  if  the  movement  be  due  ta 
the  more  violent  gales  from  the  north-east,  as  asserted,  the  resultant 
travel  of  the  beaches  should  be  uniformly  to  the  southward  ;  or,  from 
whatever  quarter  the  maximum  wind  force  may  proceed,  the  sanda 
should  doubtless  move  to  leeward,  but  always  in  the  same  direction 
for  wind  from  the  same  quarter.  It  would  seem  anomalous,  therefore, 
to  find,  as  a  matter  of  fact,  that  from  a  certain  point  on  this  coast- 
line the  inlets  and  beaches  are  traveling  northward  and  at  other  points 
southward.  But  when  it  is  noted  that  these  directions  correspond  with 
those  of  the  flood  tide  along  this  shore,  it  indicates  more  than  an 
accidental  coincidence. 

Angular  Wa\'e  Action. 

Moreover,  hitherto  but  little  stress  has  been  laid  upon  the  angular 
movement  of  waves  upon  the  shore,  whereby  a  zig-zag  motion  of  the  solid 
particles  is  produced  ;  but  it  has  been  freely  asserted  that,  "whatever 
may  be  the  direction  of  the  waves  in  deej)  water,  on  approaching  the 
shore  they  will  break  normally." 

These  prevalent  opinions  are,  it  is  believed,  the  source  of  erroneous 
conclusions  as  to  the  best  method  of  treating  problems  relating  ta 
harbor  improvements  on  alluvial  coasts.  In  the  course  of  this  jjaper 
the  writer  will  submit  some  additional  facts  bearing  upon  these  points, 
tending  to  show  that  in  general  the  waves  break  at  an  angle  and  pro- 
duce a  littoral  transportation  of  material  in  the  direction  of  the  flood 
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movement,  and  will  in-opose  a  plan  for  creating  and  maintaining  deep 
water  channels  over  the  bars  obstructing  harbor  entrances. 

Eeaction  vs.  VELOcrrr. 

The  writer  desires  also  to  call  attention  to  a  commonly  accepted 
dogma  concerning  the  influence  of  velocity  in  producing  a  scouring 
away  of  bars,  and  to  emphasize  the  fact]  that  this  effect  is  not  due  to 
velocity  so  much  as  to  the  reaction  caused  by  an  obstruction,  which 
develops  the  potential  energy  of  a  stream  and  renders  it  kinetic. 
Numerous  instances  may  be  cited  where  the  bottom  velocity  is 
apparently  far  greater  than  that  necessary  to  move  the  material  com- 
l^osing  the  bed,  yet  the  water  flows  rapidly  over  the  bars  and  no 
motion  of  the  silt  takes  place.  For  example,  it  is  said  that  at  the 
Narrows  of  the  New  York  entrance,  a  mean  ebb  velocity  of  two  feet 
per  second  produced  a  depth  of  100  feet,  yet  instances  are  frequent 
where  a  like  velocity  under  similar  circumstances  does  not  scour  below 
12  feet.  The  conclusion  is  irresistible  that  there  must  be  some  other 
agency  at  work  than  mere  velocity.  In  this  instance  investigation  has 
shown  that  it  is  the  flood  tide  and  not  the  ebb,  which  being  compressed 
through  the  gorge,  has  produced  the  great  depth  mentioned,  and  that 
this  depth  is  not  that  due  to  mean  velocity  but  to  the  eddying  or  boring- 
action  of  the  millions  of  tons  of  tidal  waters  urged  through  this  gorge 
during  the  flood  tide.  Here  the  bottom  movements  are  northward  for  a 
large  jjercentage  of  the  time. 

Normal  Scour  in  TiDAii  Lstlets. 

In  tidal  waters,  where  there  are  periodic  currents  in  both  directions 
passing  through  a  gorge  or  inlet,  there  will  be  a  scour  in  both  directions, 
and  a  deep  hole  or  pocket  will  be  found  between  the  two  sj^its  which 
flank  the  inlet.  The  material  from  this  pocket  is  carried  in  by  the  flood, 
and  forms  the  inner  bar,  with  its  lateral  channels  and  middle  ground, 
which  latter  may  at  times  project  above  the  surface  and  form  islands. 
The  ebb  also  carries  some  material  to  the  outer  bar,  the  bulk  of  which 
is  composed  of  littoral  drift,  which  the  ebb  moulds  into  bars  and 
channels. 

It  should  be  observed  that  in  inlets  dependent  upon  tidal  movements, 
where  the  fresh  water  volume  is  inappreciable,  the  resulting  natural 
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form  is  that  just  described,  and  the  limit  of  depth  in  the  channel  over 
the  outer  bar  seldom  exceeds  12  feet  below  mean  low  water. 

Ekroneous  Deductions. 
Any  plan  therefore  which  attempts  to  follow  out  the  analogy  of 
nature,  and  aims  at  producing  a  contraction  upon  the  crest  of  a  bar,  by 
parallel  or  converging  jetties  in  pairs,  without  considering  the  inner  and 
outer  shoals  which  must  result  from  such  construction,  is  radically 
defective.  This  method  only  aggravates  the  evil  by  creating  two  gorges, 
or  a  long  channel,  with  greater  frictional  resistance  to  the  tidal  prism, 
the  only  volume  available  for  scour,  and  requires  heavy  annual  expenses 
for  dredging  and  maintenance.  It  miist  be  remembered  that  this  criti- 
cism apphes  to  those  cases  where  the  scoiir  is  produced  solely  by  tides 
unaided  by  any  considerable  land  drainage,  as  at  Nantucket,  Manasquan, 
Galveston,  Aransas  and  similar  ports. 

Sandy  Hook. 
But  to  return  to  the  consideration  of  the  special  locality  chosen  for 
examination  and  study.  The  largest  and  deepest  entrance  on  the  Jersey 
coast  is  that  at  New  York  Bay,  where  the  normal  depth  is  23  feet  M,  L. 
"W. ,  and  the  width  of  the  gorge  between  Sandy  Hook  and  Coney  Island 
is  about  5  miles.  The  peculiarities  of  this  bar  with  the  abnormal 
slough,  52  feet  deep,  lying  along  its  crest  and  directly  across  the  path 
of  the  currents,  and  a  method  of  utilizing  the  powerful  natural  resultant 
there  present,  have  been  described  already  in  a  paper,  by  the  writer, 
read  at  the  Buifalo  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science  (August  20th,  1886).  The  main  point  to  which  it  is 
desired  to  dii-ect  attention  in  this  connection  is  that,  notwithstanding  the 
great  volume  and  velocity  of  the  currents  across  the  head  of  the  sjiit, 
Sandy  Hook  has  continued  to  advance  northwardly  until  it  reaches  out 
across  the  bay  a  distance  of  about  5  miles.  The  Shrewsbury  and  Nave- 
sink  Eivers,  which  until  recent  years  found  an  outlet  across  the  neck  of 
this  spit  of  sand  into  the  Atlantic,  have  been  dammed  up  by  the  north- 
ward movement  of  the  drift  and  diverted  into  the  bay.  During  heavy 
.storms  it  occasionally  cuts  through  the  beach,  but  only  for  a  time.  As 
to  the  rate  of  growth  of  the  Hook,  there  is  much  diversity  of  ojiiniou. 
Professor  Alexander  Dallas  Bache  said,  in  his  report  of  the  United  States 
Coast  Survey  for  1856:  "  Within  a  century  it  has  increased  a  mile  and  a 
quarter;"  while  the  Board  of  Engineers,  in  Eeporting  on  Gedney's  Chan- 
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nel,  say,  concerning  the  Hook  :  "In  the  last  one  hundred  and  forty-five 
years  its  length  has  varied  only  about  2  700  feet,  sometimes  increasing 
and  sometimes  decreasing."* 

With  reference  to  the  origin  of  its  material  there  is  now  no  question. 
Special  surveys  were  made  by  Professor  Henry  Mitchell  to  determine 
this  mooted  question,  and  he  reported,  "  That  it  turns  out  that  this 
growth  of  the  Hook  is  not  an  accidental  phenomena,  but  goes  on  regu- 
larly and  according  to  determinable  laws.  The  amount  of  increase 
depends  upon  variable  causes  ;  but  the  general  fact  is  that  it  increases 
year  by  year,  and  the  cause  of  this  is  a  remarkable  northwardly  current 
*  *  ^  along  both  shores  of  the  Hook.  *  *  *  For  more  than  seven 
hours  out  of  the  twelve  there  is  a  northwardly  current  through  False  Hook 
channel.  This  northward  current  runs  inside  for  eleven  hours  out  of 
twelve.  It  is  the  conflict  of  these  two  northwardly  currents,  outside  and 
inside,  and  the  dej^osit  of  materials  which  they  carry  to  the  point  of  the 
Hook,  which  causes  its  growth." — U.  S.  C.  S.  Report,  1856. 

Many  interesting  phenomena  may  be  developed  from  the  compara- 
tive study  of  the  numerous  reports  on  this  typical  sand  spit,  but  the 
subject  is  too  comprehensive  for  further  elaboration  herein. f 

In  passing,  and  before  leaving  this  site,  it  will  be  a  propos  to  note 
that  Norton's  Point,  at  the  western  end  of  Couey  Island,  has  been 
extended  westerly  by  the  similar  action  of  natural  forces. 

Proceeding  southward  from  Sandy  Hook,  it  will  be  observed  that  the 
many  bays  which  at  one  time  indented  the  coast,  are  virtually  closed  by 
the  beaches  which  have  grown  across  their  outlets,  and  are  now  trans- 
formed into  lakes  as  at  Elberon,  Deal,  Asbury  Park,  Ocean  Grove,  Ocean 
Park,  Lake  Como,  Spring  Lake  and  Sea  Girt. 

The  prominent  exceptions  in  this  25  mile  stretch  of  coast  are  Shark 
Pdver  and  Manasquan,  and  these  deserve  a  brief  examination  to  illustrate 
the  cyclic  changes  which  are  so  characteristic  of  similar  localities. 

Shark  River  Inlet,  20  Miles  South  of  Sandy  Hook. 

This  river  separates  Ocean  Beach  from  Key  East.  The  inlet  is  very 
fickle  as  to  position,  and  at  low  tide  the  water-way  is  barely  100  feet 

*  Ex.  Doc.  78,  48th  Cong.,  2d  Session,  H.  of  Eep.,  p.  12. 

t  For  further  informatiou  reference  is  made  to  the  Reports  of  the  United  States  Coast 
.Survey  and  those  of  the  Chief  Engineers,  as  well  as  to  the  Proceedings  of  the  American 
Philosophical  Society  for  March,  1889,  containing  a  paper  by  the  writer,  entitled:  "  Discus- 
sion on  the  Dynamic  Action  of  the  Ocean  in  Building  Bars." 
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•wide.  Immediately  inside  tlie  beach  it  opens  out  into  a  long  narrow 
lake,  forming  a  large  tidal  reservoir,  extending  inland  several  miles,  -nith 
dejDths  varying  from  1  to  3  feet. 

"The  bar  on  the  outside  is  dry  at  low  water,  and  is  slowly  working 
to  the  northward  in  a  manner  characteristic  of  similar  ones  along  the 
coast."  *  *  *  "The  average  rise  and  fall  of  the  tide  at  the  inlet  is 
1.4  feet. "  The  rise  and  fall  of  the  tide  in  the  ocean  at  this  i^oint  is  about 
4  feet.  At  the  railroad  bridge,  about  500  feet  inside,  it  is  0.7  feet.  The 
velocity  of  the  current  in  the  inlet  is  5  miles  per  hour.  The  conclusion 
seems  to  be  warranted  that  the  flood  current  is  considerably  stronger 
than  the  ebb.  * 

As  there  is  no  commerce  it  was  not  deemed  advisable  to  attempt  any 
improvement  of  this  inlet. 

From  the  relative  tidal  fluctuations,  as  quoted,  it  will  be  observed 
that  the  contraction  of  the  entrance  by  the  extensive  spit  of  sand  very 
materially  interferes  with  the  filling  of  the  inner  basin  by  the  tides, 
while  the  short  duration  of  the  flood  as  compared  with  that  of  the  ebb 
causes  a  rapid  scour  inward  of  the  beach  sand,  which  is  immediately 
dropped  on  the  extensive  middle  ground  flat,  jiist  inside  the  inlet. 

On  September  5th,  1889,  the  writer  made  a  sketch,  in  j^lan,  of  this 
inlet,  to  illustrate  the  extent  and  direction  of  its  movement.  The  year 
before  it  was  reported  to  have  been  closed,  and  the  residents  of  Ocean 
Beach  cut  a  channel  across  the  southern  end  of  the  spit,  700  feet  south 
of  the  present  channel.  This  opening  was  maintained  by  the  cur- 
rents, but  has  progressed  northward  to  the  position  shown  in  Fig.  1, 
Plate  XXIV. 

One  of  the  highest  tides  and  most  severe  northers  occurred  a  few  days 
after  this  sketch  was  made,  viz.,  September  12th  to  15th,  succeeded  by 
other  storms  from  the  same  quarter,  furnishing  an  unusual  opportunity 
to  verify  the  truth  of  the  prevalent  wind-wave  theory,  when  the  travel 
of  the  beaches  should  have  been  southward  or  to  leeward.  The  writer 
therefore  visited  this  site  again  soon  after,  and  found  the  channel  had 
moved  fully  4  rods  north  of  its  previous  j)osition  on  September  5th, 
which  was  a  result  just  the  reverse  of  Avhat  should  be  expected,  if 
the  wind-waves  are  the  forces  mainly  relied  upon  to  produce  these 
effects . 

*  Extracts  from  Report  of  Assistant  A.  Doerflinger.  Report  Chief  of  Engineere,  1881^ 
■vol.  1,  page  731. 
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Manasquan  Kiveb  Inlet. 

"This  opening  is  situated  in  Monmouth  County  and  is  about  25  miles 
south  from  Handy  Hook.  The  drainage  l)asin  embraces  about  80  square 
miles.  With  a  view  to  its  improvement  a  survey  was  made  in  Sejitem- 
ber,  1878.  It  showed  a  depth  on  the  bar  at  low  water  varying  from 
about  1  foot  to  18  inches.  The  tidal  range  is  about  2.4  feet,  and  the 
inlet  was  slowly  working  to  the  northward  by  wearing  away  the  main 
beach  on  the  north  side  of  the  lowest  bend,  the  south  beach  following."* 

"  Subse(juent  to  the  heavy  storm  of  October  25th,  1878,  the  inlet 
broke  out  nearly  in  the  position  of  the  proposed  jetties.  This  action  is 
entirely  characteristic  of  the  habit  of  the  inlet.  Its  normal  and  effective 
230,sition  is  the  present  one,  viz.,  ou  the  prolongation  of  the  inner  neck 
which  does  not  vary.  At  such  times  the  depth  on  the  bar  is  from  3  to  1 
feet  or  more.  The  inlet  does  not,  however,  remain  in  this  position,  but 
gradually  forms  the  S  shown  on  the  chart  from  the  northward  movement 
of  the  sands  along  the  front  beach." 

"The  main  stem  of  the  5"  lengthens  by  degrees  and  the  inlet  advances 
northwardly,  eating  its  way  through  the  beach,  but  always  maintaining 
its  connection  with  the  inner  neck  and  constantly  becoming  more 
obstructed  until  its  discharge  nearly  ceases.  Ou  one  such  journey 
northward  the  inlet  reached  a  ^joint  near  the  jiresent  life-saving  station, 
and  in  consequence,  the  river  was  filled  with  nearly  stagnant  water, 
giving  rise  to  disease  and  causing  great  mortality  among  the  fish.  The 
inhabitants  of  the  neighborhood  combined  and  dug  the  inlet  through  at 
the  proper  place  with  the  result  of  immediate  relief.  Such  extieme 
cases  are  rare  and  the  inlet  after  traveling  a  few  hundred  yards,  gener- 
ally under  the  influence  of  strong  westerly  winds,  breaks  through  with- 
out artificial  aid.  The  intractibility  of  the  inlet  has  always  lieen  the 
most  serious  obstacle  to  the  use  and  improvement  of  the  river."  *  *  * 
' '  The  following  project  for  the  improvement  of  the  Manasquan  is  respect- 
fully submitted  :  "f 

''  To  construct  the  piers  of  the  form  and  dimensions,  and  in  the  posi- 
tions shown  upon  the  chart  (see  Fig.  2,  Plate  XXIV),  for  the  purpose  of 
controlling  the  inlet  and  concentrating  the  scouring  action  of  the  ebb." 

"  Assuming  that  the  mean  rise  and  lall  in  the  lower  basin  will  be  li 
feet,  it  is  estimated  that  the  discharge  will  be  sufficient  to  maintain  a 
low  water  depth  of  10  or  12  feet  in  the  middle  of  the  gorge,  and  6  or  7 
feet  on  the  bar,  which  will  form  exterior  to  the  outer  wings. 

"  This  bar  will  be  exposed  to  the  action  of  the  littoral  currents  due 
to  the  northwesterly  direction  of  the  tidal  wave  and  the  effects  of  winds, 
and  will  probably  rise  to  a  height  above  that  given.     *     *     * 

"  The  axis  of  the  jetty  is  in  near  conformity  to  the  general  direction 
of  the  outflow,  and  its  position  is  such  as  to  admit  of  the  inner  wings 
making  equal  angles  with  it  while  reaching  points  on  either  side  where 
the  ends  will  not  be  endangered.  The  outer  wings  also  make  equal 
angles  with  the  axis,  and  as  nearly  as  possible,  without  being  too  much 
inclined  to  the  shore,  face  the  tidal  wave.  "J 

The  total  estimated  cost  of  this  improvement  is  $52  120,  This  pro- 
ject was  referred  to  the  Board  of  Engineers,  who  made  both  a  majority 

*  Reports  Chief  of  Engineers. 

t  Vide  Report  of  Colonel  WiUiam  Ludlow  to  Chief  of  Engineers,  1870,  page  463. 

tibid. 
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anil  minority  report  in  Ajjril,  1880.  In  the  former  it  is  said,  inter  alia: 
The  flood-tide  impinges  upon  the  shore  from  a  direction  south  of  east, 
and  the  channel  wanders  in  this  direction,  growing  constantly  more 
crooked  until  it  becomes  partly,  and  in  some  cases  entirely,  choked. 
These  are  familiar  features  common  to  sandy  beaches,  showing  a  ten- 
dency of  the  inlets  to  move  in  the  direction  of  the  predominant  drift. 
"  In  such  cases  the  Board  sees  no  permanent  remedy  except  to  transfer 
outwards  and  fix  the  mouth  of  the  inlet  by  artificial  w'orks,  terminating 
at  depths  where  the  sesultant  forces  of  the  waves  and  currents  would 
prevent  the  formation  of  a  hurtful  bar." 

The  Board  recommends  that  two  dikes  should  be  built  out  to  sea, 
with  a  narroAV  opening  between  them,  and  that  the  north  one  should  be 
the  first  built.  In  the  minority  report  Colonel  Macomb  states  that  "the 
lengthening  of  the  contracted  channel  will  decrease  its  capacity  to  admit 
the  tide,  and  therefore  diminish  the  inner  tidal  prism,  upon  which  alone 
the  channel  must  depend." 

In  September  of  the  same  year  the  data  and  reports  having  been 
referred  to  Colonel  N.  Michler,  he  reported,  indorsing  the  views  of  the 
Board,  and  adds:  "The  exterior  lines  of  jDiers  beyond  the  beach  will  be 
of  an  experimental  nature;  the  eflects  of  storms  upon  them  will  prove 
their  stability,  and  the  movable  drifting  sands  will  in  one  way  or  another 
decide  the  problem  as  to  the  formation  of  a  new  bar  across  the  artificial 
entrance  to  the  inlet.  Owing  to  the  absence  and  untried  character  of 
any  similar  work  along  the  Atlantic  coast,  *  *  *  a  safe  estimate  cannot 
be  made  as  to  the  probable  final  cost." 

While  these  extracts  show  the  uncertainty  attending  the  methods  and 
anticipated  results  they  leave  no  question  as  to  the  existence  of  strong- 
northwardly  tidal  currents,  which  are  recognized  as  the  principal 
agencies  in  shifting  and  closing  this  inlet,  yet  the  method  proposed  for 
"  Oldening  a  direct  channel- way  across  the  beach,  and  protecting  the 
same  from  the  flow  of  the  tidal  currents  between  the  river  and  the 
ocean,"  appears  to  be  designed  to  utilize  the  ebb  scour  rather  than  to 
arrest  the  exterior  sand  movement  and  admit  the  flood  tide  freely. 

Under  the  ajsisroved  plans  a  contract  was  entered  into  July  lat,  1881, 
for  the  north  jetty  first,  and  the  construction  of  the  south  jetty  was  left 
to  the  discretion  of  the  officer  in  charge,  then  Major  G.  L.  Gillespie.  The 
line  of  this  work  is  shown  in  Figure  3,  Plate  XXIV.  Its  position  is  such 
as  to  catch  the  flood  currents  charged  with  littoral  drift  and  deflect  them 
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into  tlie  inner  basin,  where,  in  consequence  of  the  increased  section  and 
reduced  velocity,  new  shoals  immediately  formed,  while  the  reaction 
along  the  dike  itself  produced  so  much  scour  as  to  make  protecting 
spurs  necessary.  These  inner  shoals  operated  to  detlect  the  ebb  currents 
over  a  different  path  from  that  by  which  they  had  entered,  so  that  they 
failed  to  remove  these  deposits,  and  the  basin  rapidly  deteriorated. 
During  this  part  of  the  construction  the  depth  on  the  bar  was  4  feet,  but 
the  work  was  said  to  be  of  so  experimental  a  nature  as  not  to  warrant 
any  prediction  of  final  results.  "  To  extend  the  north  jetty  255  feet 
seaward  to  its  full  projected  extent  and  to  build  905  feet  of  jetty  on  the 
south  side  will  require,  it  is  estimated,  the  sum  of  S40  000.*  The  length 
of  the  north  jetty,  at  the  close  of  the  fiscal  year  1882,  was  1  515  feet.  On 
September  26th,  1882,  a  contract  was  made  with  S.  A.  Kelly  for  a  portion 
of  the  south  jetty,  and  oi^erations  were  commenced  in  November.  It  is 
located  200  feet  from  the  north  jetty,  and  begins  at  a  point  100  feet  inside 
of  the  end  of  the  north  jetty,  extending  inland  475  feet,  and  diverging  so 
as  to  concentrate  the  river  currents  and  to  "  prevent  the  cutting  of  the 
beach  behind  the  jetty.  The  inshore  part  is  still  too  short,  and  should 
be  extended  300  feet  inshore  towards  the  meadow  to  remove  all 
apprehension  of  the  currents  making  a  breach  through  the  South 
Beach,  "t 

The  condition  in  which  the  Avork  was  left  is  shown  in  the  plan  for 
1887  (Fig.  3),  at  which  time  the  river  had  cut  a  channel  behind  the  .south 
jetty,  leaving  it  entirely  detached  from  its  supporting  bank,  while  the 
former  bed  between  the  jetties  was  being  rapidly  filled  by  sand  carried 
in  by  the  flood  tides.  In  August,  1889,  when  the  writer  visited  this 
locality  to  observe  eftects,  the  entire  space  between  the  jetties  was 
found  to  be  filled  with  sand,  as  showa  in  Fig.  4,  Plate  XXIY.  The  river 
had  abandoned  its  former  bed,  and  had  been  deflected  to  the  southward 
several  hundred  feet,  leaving  the  jetties,  to  a  great  extent,  buried  under 
the  drift.  The  outer  end  of  the  south  jetty  was  being  destroyed  by  the 
cross-currents,  and  the  inlet  was  almost  closed.  The  general  conditions 
are  more  clearly  illustrated  in  the  panoramic  photograph  taken  in  May 
of  this  year  (Plate  XXIII). 

The  history  of  this  case  is  given  in  some  detail,  since  it  is  one  of  the 
most  instructive  examples  of  the  injurious  eftects  of  twin  jetties  to  be 

*  Report  Chief  of  Engineers,  1882,  page  702. 
t  Report  Chief  of  Engineers,  1883,  page  584. 
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found  unrecorded,  and  because  it  is  probable  that  in  view  of  an  item  in 
the  present  river  and  harbor  bill  the  work  done  here  may  soon  be 
removed,  and  the  experience  be  lost  to  the  profession. 

The  item  reads:  "  Imj^roving  Squan  Eiver,  New  Jersey,  by  the 
removal  of  obstructious  placed  bv  the  Government  at  the  mouth  of  said 
river,  if,  in  the  discretion  of  the  Secretary  of  War,  the  same  should  be 
done,  S2  000." 

The  amount  expended  upon  these  jetties  was  ^39  000.  The  north 
jetty  was  built  first,  ,and  catching  the  flood  tide,  charged  with  sand, 
deflected  it,  precipitating  its  load  in  the  middle  ground,  seen  in  Fig.  2, 
which  the  ebb  was  unable  to  remove.  Thus  these  works  were  found  to 
be  unable  to  concentrate  the  ebb  currents  which  were  relied  upon  for 
scour,  and  it  is  also  manifest  that  they  formed  a  pocket  for  the  littoral 
drift  carried  in  by  the  flood. 

In  many  respects  these  results  may  be  taken  as  a  type  of  those  which 
will  ultimately  follow  the  completion  of  the  jetties  at  Galveston  on  the 
l^re-ent  plan  of  jetties  divergent  to  the  flood  movement,  and  for  the 
completion  of  which  $6  200  000  is  requested.  In  the  above  plans,  as 
elsewhere,  the  object  of  the  designers  has  been  to  concentrate  the  ebb 
scour,  while,  in  the  writer's  opinion,  a  much  better  result  would  have 
been  obtained  had  the  works  been  designed  to  oppose  the  sand  move- 
ments and  defend  the  channel  from  the  encroachments  of  the  flood  and 
littoral  currents,  while  freely  admitting  the  tide. 

As  these  outer  bars  are  generally  built  by  drift  and  wave  action,  if 
the  agencies  which  maintain  them  can  be  diverted  or  partially  neutral- 
ized and  the  ebb  assisted  in  its  escape,  there  should  result  a  better  cross- 
ing on  the  bar.  The  general  princijsles  which  have  been  formulated  to 
accomplish  this  result  are  so  fully  stated  in  a  paper  on  "The  Physical 
Phenomena  of  Harbor  Entrances,"*  that  they  need  not  be  repeated 
here,  but  may  be  summarized  as  follows:  1.  Keep  out  the  littoral  drift; 
2.  Let  in  the  flood  tide;  3.  Conserve  the  ebb  energy  over  a  limited 
sector  of  the  bar,  and  4.  Maintain  a  continuous  reaction  upon  the  ebb 
currents. 

It  will  be  seen  that  in  manj'  cases,  particularly  where  there  is  a 
resultant  direction  to  the  movement  of  the  drift,  all  of  these  conditions 
can  be  fulfilled  better  by  a  single  jetty  or  breakwater  of  ju'oper  form 
and  jjosition  than  b}^  two,  and  at  less  cost.     Thus  it  will  appear  that  this 

*  See  Proceedings  of  American  Philosophical  Society,  1888. 
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I)lan   is   designed    to   apply  the  "  ounce  of   prevention,"  rather  than 
the  "  i^ound  of  cure." 

But,  to  continue  our  investigations  of  the  coast  line,  let  us  proceed 
southwardly  from  Manasquan. 

The  Node. 

Hitherto  it  will  be  seen  that  the  littoral  drift  is  northward,  but  at  the 
next  inlet,  and,  so  far  as  authentic  records  show,  at  all  the  subsequent 
breaks  through  the  sandy  cordon  defending  the  Jersey  coast,  even  to 
Delaware  Bay,  the  prevailing  movements  are  southward.  This  opposi- 
tion of  movement  has  been  supi)osed  by  some  authorities  to  be  due 
to  the  shelter  or  lee  afforded  from  the  north  and  northeast  storms  by 
Long  Island.  But  this  explanation  is  unsatisfactory,  since  the  energy  of 
the  storms  is  quite  as  manifest  at  Sandy  Hook  as  at  Cape  May.  Neither 
is  there  any  change  of  direction  in  the  coast  line,  producing  a  salient 
which  would  divide  the  tidal  movements  as  at  the  outlying  primary 
uodes  at  Hatteras  and  Nantucket  at  the  extremities  of  this  middle  bay. 
That  there  is  a  strong  littoral  current,  however,  is  indicated  by  the 
absence  of  any  breaks  through  the  low  sandy  peninsula  known  as  Island 
Beach,  which  extends  from  Bay  Head  to  Barnegat  Inlet,  about  23  miles; 
and  that  the  drift  is  southward  is  clearly  shown  by  the  movement  of  this 
inlet,  to  the  south  about  one-half  a  mile,  between  1840  and  1874,  or  in 
thirty-four  years.     (See  Plate  XXV.) 

The  approximate  location  of  this  secondary  node,  as  distinguished 
from  the  primary  ones  above  mentioned,  may  possibly  be  indicated  by 
the  greater  slope  of  the  foreshore  between  Lavallette  City  and  Point 
Pleasant,  where  the  ten- fathom  curve  approaches  to  within  Ij  statute 
miles  of  the  beach  instead  of  remaining  from  4  to  5  miles  off-shore, 
as  elsewhere  along  the  coast. 

From  Long  Branch  to  Barnegat  Inlet  the  trend  of  the  coast  is  south 
14  degrees  west  in  almost  a  straight  line,  being  slightly  concave.  At 
this  latter  inlet  it  deflects  25  degrees  further  west,  to  south  89  degrees 
west,  making  an  abrupt  change  of  direction,  and  thus  furnishing  an 
opportunity  for  the  waters  of  Barnegat  Bay  to  effect  an  escape  by  the 
break  in  the  continuity  of  the  littoral  currents  caused  by  the  angle. 

The  movements  at  this  inlet  are  so  clearly  shown  by  the  comparative 
sketch  herewith  as  to  require  no  amplification.     (Plate  XXV.) 
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From  Barnegat  we  traverse  Long  Beacli  for  about  23  miles  to  ^evr 
Inlet  opening  into  Great  Bay  and  Little  Egg  Harbor. 

This  is  so  named  to  distinguish  it  from  "Old  Inlet,"  which  existed 
l^rior  to  1846  and  which  is  shown  on  the  charts  as  being  navigable  for 
vessels  drawing  less  than  5  feet  of  water.  This  inlet,  which  was  one 
mile  wide,  has  been  entirely  closed  by  the  drifting  sand,  and  Long  Beach 
is  now  united  to  what  was  Tucker's  Island,  but  is  now  Tucker's  Beach, 
while  the  channel  across  the  bar  is  about  5i  miles  southward  of  its  old 
position.  Here  is  found  the  characteristic  flood  channel  lying  directly 
under  the  lea  of  the  Northern  Spit  and  the  long  ebb  channel  stretch- 
ing off  to  the  south  where  the  bar  building  forces  are  weakest.  (Plates 
XXVI  and  XXVIL) 

Similar  features  are  observable  at  Absecon  Inlet,  where  protection 
works  have  been  necessai-y  to  protect  the  Light  House  on  the  Southern 
Spit  from  the  encroachments  of  the  sea,  and  also  at  Great  Egg 
Harbor,  Corson's,  Towusend's,  Hereford's,  Turtle  Gut  and  Cold  Spring 
Inlets  to  Cape  May,  there  are  to  be  found  to  a  greater  or  lesser  degree 
the  same  jjhenomena.  This  southward  travel  of  drift  is  arrested  at  the 
mouth  of  the  bay  and  forms  the  extensive  shoals  obstructing  the 
northern  flank.  Much  of  this  material  is  carried  inside  by  the  flood 
and  deposited  on  the  banks.  The  large  bar  known  as  Ejjh's  Shoal, 
which  is  over  a  mile  in  length  and  more  than  half  a  mile  off  shore, 
has  traveled  westward  a  distance  equal  to  its  length  within  forty 
years. 

These  numerous  inlets  remain  in  a  state  of  nature  with  vacillating, 
shallow  channels  over  the  bars.  No  attempt  has  been  made  to  improve 
them,  although,  at  Absecon,  surveys  were  made  and  a  plan  designed  for 
a  harbor  of  refuge,  but  as  it  was  estimated  to  cost  .^3  000  000,  it  was  not 
thought,  in  view  of  the  great  cost  and  the  uncertainty  as  to  results*,  that 
the  expenditure  would  be  justified. 

The  proposition  to  construct  a  shij?  canal  from  Philadelphia  to  the 
Atlantic  also  lent  importance  to  the  question  of  creating  a  harbor  at  this 
point,  but  as  the  time  consumed  via  canal  would  be  about  equal  to  that 
via  river  and  ocean,  it  does  not  enter  as  an  important  factor.  If,  how- 
ever, the  channel  can  be  fixed  and  the  sand  movements  arrested  by  a 
single  breakwater  located  on  the  northern  flank  of  the  ebb  tlialu-eg 
and  open  at  the  shore  end  to  let  in  the  flood  tide  freely,  the  cost  may  be 
reduced  to  one-half  or  less  and  the  depth  be  greatly  improved. 
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Pbactioal  Applications. 

These  jslienomena  are  not  peculiar  to  the  New  Jersey  coast.  The 
southern  shore  of  Long  Island  furnishes  auother  instance  of  a  second- 
ary nodal  point  from  which  the  littoral  drift  moves  east  and  west.  The 
•writer  has  not  been  able  to  collect  sufficient  data  to  locate  this  point 
even  approximately,  but  it  will  be  found  to  lie  somewhere  to  the  east  of 
Petunk,  Long.  72-  3U'.  Again,  on  the  sea  front  of  Cape  Cod  peninsula 
a  point  of  division  of  the  tides  will  be  found  south  of  Truro,  whence 
the  drift  proceeds  in  opposite  directions.  These  movements  do  not 
appear,  therefore,  to  be  controlled  by  prevailing  winds,  but  by  tides,  and 
they  form  most  important  factors  in  the  design  of  any  plans  for  imi^rov- 
ing  harbor  entrances. 

That  they  are  not  mere  speculations  of  the  writer  will  be  seen  by  a 

few  extracts  from  the  interesting  d'scussions  of  the  Institution  of  Civil 

Engineers  upon  a  paper  entitled  "The  East  Coast"  (of  England),  by  J. 

B.  Redman,  in  January,  1864.*     Sir  John  Rennie  said: 

"Withoiit  knowing  and  carefully  studying  the  operation  of  these 
natural  phenomena,  it  would  be  in  vain  for  the  engineer  to  attempt  to 
design  any  work  which  might  be  intrusted  to  his  charge  for  the  improve- 
ment of  rivers  or  harbors  along  such  a  line  of  coast,  for  most  probably 
the  woi'ks  would  prove  to  be  abortive  and  the  money  expended  iipon 
them  would  be  in  a  great  measure  thrown  away." 

He  then  instances  the  case  of  "the  celebrated  Smeaton,  who  essayed 

to  improve  the  harbor  of  Rye  by  making  a  new  mouth  to  the  westward  of 

the  old  one,  which  was  effected  in  the  first  instance  at  a  great  expense, 

and  a  few  years  subsequently  was  filled  up  by  the  beach  traveling  from 

the  westward."    *     *     *    "Another  important  example  might  be  seen  at 

Harwich,  where  a  fine  natural  harbor  had  been  materially  injured  by 

the  construction  of  a  pier  on  the  wrong  side  of  the  entrance." 

Captain  Burstal  of  the  Royal  Navy,  said  that  "from  his  observations 
both  on  the  east  coast  and  on  the  south  coast,  the  beach  did  not  travel 
with  the  prevailing  wind  bnt  with  the  prevailing  sea." 

Mr.  J.  Scott  Russell,  V.  P.,  remarked  that  "  the  direction  of  the  pre- 
valent sea  was  much  more  important  in  the  formation  of  beaches  than 
the  direction  of  local  and  prevalent  winds." 

The  Astronomer  Royal  said  :  "  That  in  a  bay,  whatever  was  the  ten- 
dency of  the  prevailing  wind,  or  jirevalino:  surf,  the  drift  of  the  pebbles 
was  always  inward  from  the  horns  of  the  bay  to  the  center  of  the  bay." 

Mr.  J.  S.  Valentine  stated  that  "he  was  told,  as  he  had  heard  it 
stated  in  this  discussion,  that  the  travel  of  the  shingle  was  in  the  direc- 
tion of  the  prevailing  winds.  Upon  investigation  he  found  that  conclu- 
sion was  erroneous.     He  believed  the  travel  of  the  shingle  along  that 

*Vol.  XXIII  Proceedings. 
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coast  was  not  iu  the  direction  of  the  i^revailing  windp,  but  was  entirely 
independent  of  it,  and  that  it  Avas  due  to  the  great  tidal  wave." 

Sir  John  Coode  (now  President),  in  explanation  said  "  there  seemed 
to  be  an  impression  that  he  had  stated  that  the  travel  of  the  shingle  was 
in  the  direction  of  the  prevailing  winds.  *  *  *  But,  to  show  what 
his  views  were  on  that  point,  he  would  quote  a  short  passage  from  his 
paper  on  the  Chesil  Bank,  read  in  1853,  viz.,  the  fact  of  the  largest 
shingle  being  found,  at  what  has  been  called  '  to  leeward,'  is  well  known 
in  the  neighliorhood  ;  this  term  '  to  leeward,'  must,  however,  if  applied 
to  shingle,  be  clearly  underst  od  as  relating  to  the  quarter  whence  the 
heaviest  seas  i3roceed  and  not  to  the  winds." 

The  above  quotations  are  adduced  as  additional  testimony  from  some 
of  the  most  experienced  foreign  maritime  engineers  in  support  of  what 
has  been  called  the  "theory  "  advanced  by  the  writer,  as  to  the  predom- 
inating influence  of  the  wave  movements  as  affected  by  the  angle  of 
approach  and  by  the  flood  tides,  rather  than  by  prevailing  winds,  and 
which  has  led,  it  is  believed,  in  this  country  as  elsewhere,  to  the 
location  of  jetties  on  the  wrong  sides  of  inlets  and  to  the  use  of  two 
where  one  would  have  been  more  effective.  * 

Shore  Pkotbotion. 

Such  are  a  few  of  the  practical  conclusions  dediiced  from  this  study 
of  the  littoral  movements  of  the  beaches  along  the  New  Jersey  coast,  but 
there  are  also  other  effects  produced  which  have  not  yet  been  mentioned 
— such  as  the  degradation  of  the  alluvial  bluffs  that  characterize  the 
coast  in  the  vicinity  of  Long  Branch. 

Of  late  years  the  erosion  here  has  been  the  more  noticeable  since  it 
has  frequently  made  serious  breaches  in  the  boulevard  surmounting  the 
crest.  It  is  not  long  since  there  were  cultivated  fields  between  this  drive 
and  brow  of  the  bluff".  "While  no  comparative  charts  are  available  as  a 
basis  to  determine  the  rate  of  advance,  it  is  believed  from  the  best  infor- 
mation obtainable  to  have  averaged  not  less  than  15  feet  per  year,  or 
12  cubic  yards  per  lineal  foot  per  annum.  To  prevent  the  destruction 
of  valuable  property,  the  private  owners  have  recently  revetted  the  face 
of  the  bluff"  with  sheet  piling  or  dykes,  or  in  some  cases  spur  jetties  to 
catch  the  drift  and  resist  the  waves.  One  of  these  short  spurs,  showing 
the  embayed  sand  drift  on  its  southern  flank,  is  shown  in  Plate  XXVIII, 
furnishing  another  proof  of  the  resultant  direction  of  the  movement. 

*  For  additional  testimony  "Dn  this  point  reference  is  made  to  the  Discussion  on  the 
Dynamic  Action  of  the  Ocean  in  Building  Bars,  published  by  the  American  Phil.  See, 
March.  1889.    Phila. 
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It  also  shows  the  angularly  approaching  breaker  moving  north- 
wardly while  the  wind  at  the  time  was  fresh  from  the  northwest.  The 
photograph  was  taken  jtist  after  the  severe  norther  of  Novembei',  1889. 
The  jetty  is  normal  to  the  beach. 

Another  view  (Plate  XXIX),  taken  earlier  at  Atlantic  City,  reveals 
more  clearly  the  southward  roll  of  the  breakers  at  that  locality.  These 
are  instructive  as  showing  that  the  waves  do  break  at  an  angle  upon  the 
shores  and  may  therefore  readily  transi:)ort  materials  in  the  direction  of 
their  motion  over  a  zig-zag  path,  as  has  been  occasionally  affirmed, 
although  not  generally  accepted. 

Recently  mass  meetings  of  citizens  of  Long  Branch  have  been  held 
to  devise  plans  for  the  protection  of  the  site,  and  various  tenders  have 
been  submitted.  In  addition  to  those  already  referred  to  was  one  to 
construct  a  low  water  wave  breaker,  parallel  to  the  shore,  to  resist  the 
sea,  but  thus  far  nothing  more  has  been  done  than  the  independent  and 
local  applications  made  by  each  owner  for  himself. 

A  systematic  plan  of  deflecting  jetties  would,  it  is  believed,  be  more 
effective  and  much  cheaper.  But  it  is  not  the  jjuri^ose  of  the  writer  to 
encumber  this  paper  with  further  details  as  to  shore  protection.  A  few 
instantaneous  views  (Plates  XXX  and  XXXI),  taken  after  the  storms  of 
last  fall,  Avill  sufficiently  illustrate  the  methods  pursued,  showing  great 
variations  from  the  vertical  to  the  inclined  revetment,  bixt  all  sup- 
ported on  the  face  of  the  bhitf,  here  about  20  feet  high.  Some  of  these 
the  waves  easily  mount,  falling  over  on  the  drive  to  its  injury.  The 
general  appearance  at  that  time  resembled  a  series  of  "back-yards" 
strewn  with  rubbish. 

Detached  ok  Insulab  "Wave-beeakeks. 

There  is  one  i^heuomenon,  however,  frequently  observed  in  natural 
formations,  which  has  not  been  utilized  as  a  means  of  protection,  which 
will  be  interesting  to  the  Society — and  that  is  the  tendency  which  exists 
for  the  formation  of  shoals  in  the  lee  of  any  outlying  obstruction,  where 
waves  or  currents  passing  around  the  ends  of  an  island  meet  in  its  rear 
and  build  up  bars. 

Examples  of  this  form  are  to  be  found  in  the  numerous  Presque  Isle 
formations  along  the  coast  and  in  the  Great  Lakes.  The  low  sand  spit 
joining  a  rocky  headland,  so  familiar  to  all  maritime  engineers,  is  doubt- 
less the  result  of  current  and  wave  deposit  along  the  neutral  axis  connecting 
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tlie  original  island  with  the  strand.  For  instances,  see  Richmond's 
Island  Harbor  and  vicinity,  Maine  (Plate  XXXII) ;  Boston  Bay  (Plate 
XXXni),  contains  several  well  defined  examples,  as  at  Marblehead 
Neck,  Nahant  and  Little  Nahaut,  Winthrop  Head  and  Nantasket  Beach, 
with  its  chain  of  former  islands;  or  a  still  more  remarkable  case  of  a 
double  beach  formation  may  be  seen  in  the  Peninsula  of  Giens,  off  the 
soiitheast  coast  of  France  near  Toulon,  where  a  lake  (Manarre)  is 
inclosed  by  the  nearly  parallel  beaches  connecting  the  headland  with 
the  main  coast.     (See  sketch.  Fig.  5,  Plate  XXIV.) 

In  certain  localities  this  tendency  to  deposit  may  be  utilized  to 
advantage  for  shoi'e  protection — but  it  may  also  become  an  evil  where 
deep  water  is  desired,  as  for  harbors  of  refuge. 

The  most  notorious  instance  of  deposits  resulting  from  the  creation 
of  an  artificial  island  is  to  be  found  at  the  Delaware  Breakwater, 
where,  since  its  commencement,  in  1828,  the  18  and  24  foot  curves 
have  advanced  from  the  shore  to  the  breakwater  more  than  1  mile, 
while  in  the  center  of  the  harbor  the  low  water  depth  has  shoaled  to  14 
feet,  with  a  mound  having  only  10  feet  near  the  west  end  of  the  break- 
water.* The  harbor  is  useless  for  dee])  draught  vessels,  due  to  the 
checking  of  the  cui*rents  by  these  structiares,  and  a  new  one  is  now  con- 
templated on  "  the  Shears." 

Reactiox. 

This  paper  would  be  incomplete  were  no  allusion  made  to  the  reasons 
why  some  jetty  works  are  more  successful  than  others  and  require  less 
dredging  for  maintenance. 

Aside  from  the  general  i^hysical  conditions  which  determine  the 
practicability  and  probable  utility  of  jetty  work,  it  is  of  the  utmost 
importance  to  determine  at  the  outset  the  proper  width  to  be  given  to 
the  entrance.  This  question  has  already  provoked  an  interesting  dis- 
cussion before  this  Society,  but  evidently  without  reaching  any  very 
definite  conclusions,  since  there  is  a  project  now  under  contract,  in  tidal 
Avaters,  where  it  is  exiiected  to  obtain  a  30  foot  channel,  5  miles  long, 
with  jetties  7  000  feet  upart.  The  works  at  the  mouth  of  the  Maas  were 
found  to  be  too  far  apart,  as  first  built,  and  have  been  contracted  ;  those 
at  the  South  pass,  originally  1  000  feet  ajjart,  have  been  reduced  to  600  by 

*  See  "  Harbor  Studies,"  by  the  Author,  Proceedings  of  t}ie  Engineer's  Club  of  Philailel- 
phia.  Vol.  V,  No.  i,  page  285.     April,  188G. 
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spurs  and  lateral  contraction.  The  jetties  at  Sabine  Pass  are  conceded  to 
be  much  too  far  apart  to  produce  the  desired  result,  and  so,  as  in  many 
other  cases,  it  becomes  fundamentally  important  to  determine  just  how 
far  ajjart  the  jetties  maybe  j)laced  that  they  may  co-act  and  produce  the 
maximum  effect  with  the  available  jsrism  of  discharge.  The  answer  to 
this  question  must  be  found  in  the  amount  of  reaction  which  the  jetties 
can  be  made  to  develop — depending  upon  the  resultant  volume  and 
velocity  of  the  fluid  jirism.  It  is  well  known  that  a  trough  is  scoured 
out  by  currents  flowing  parallel  to  obstructions,  and  that  deep  holes  or 
pools  are  produced  by  concave  bends,  but  it  does  not  appear  to  be 
recognized  that  this  is  the  cause  of,  as  well  as  the  limit  to,  the  beneficial 
action  to  be  derived  from  jetties.  For  example,  let  it  be  assumed  that 
two  jetties  are  placed  a  mile  apart.  The  fluid  prisms  adjacent  to  the 
jetties  will  be  materially  affected  by  the  frictional  resistance  of  the  walls 
so  as  to  eddy  and  bore  upon  the  bottom,  thus  cutting  two  channels,  one 
on  either  flank,  while  the  central  prism  will  not  be  materially  affected, 
and  there  will  be  left  a  middle-ground,  ridge  or  shoal.  As  the  sjiace 
between  the  jetties  is  contracted,  although  the  cross-section  diminishes 
in  the  same  ratio,  the  amount  of  the  reaction  of  each  jetty  remains  prac- 
tically constant  and  the  middle  ground  is  cut  down,  until,  when  the 
jetties  are  brought  so  close  as  to  co-act,  it  disappears  altogether  and 
there  will  result  a  normal  and  self-maintaining  channel. 

If  a  jetty  or  obstruction  be  placed  obliquely  to  a  current  the  energy 
of  the  latter  is  suddenly  developed  by  the  resistance  and  change  of 
direction  and  a  deep  hole  is  bored  in  the  bottom. 

The  enfeebled  current  then  creeps  along  the  side  of  a  straight  jetty, 
dropping  or  refusing  to  pick  up  its  load,  which  remains  heai^ed  nj)  on 
the  bar  or  is  rolled  further  seaward. 

Many  instances  of  these  results  might  be  cited  in  practice,  whereas 
if  the  jetty  had  been  so  designed,  in  plan,  as  to  start  from  its  abutment 
in  a  direction  tangent  to  the  flow,  and  had  been  made  to  curve  gradually 
over  the  obstructing  bar  so  as  to  maintain  a  continuous  reaction  along 
its  concave  face  to  deep  water,  a  channel  sufficiently  capacious  for  navi- 
gation could  be  secured  and  maintained.  For  ordinary  velocities  of  from 
3  to  5  feet  per  second,  the  width  of  the  channel  at  the  25-foot  contour 
will  be  found  to  vary  from  300  to  400  feet.  Hence  where  two  jetties 
may  be  used  without  seriously  diminishing  the  volume  of  flow,  they  may 
be  placed  from  600  to  800  feet  apart  with  good  results.     Where  the 
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mouth  of  a  stream  is  subject  to  periodic  fluslaing  from  freshets  and 
there  is  but  little  silt,  which  is  deposited  slowly,  they  may  be  even 
wider;  but  where  the  currents  are  those  produced  by  tidal  water  only, 
then  jetties  in  pairs  will  prove  injurious,  as  ordinarily  constructed,  since 
they  prevent  the  free  ingress  of  the  only  water  available  for  scour.  In 
such  cases  a  single  reaction  jetty,  which  is  detached  from  the  shore  to 
let  in  the  flood  tide,  liut  which  maintains  a  continuous  reaction  across 
the  bar,  will  be  found  most  efficient  as  well  as  much  less  exjjensive. 

The  few  successful  instances  of  jetty  channels  to  be  found  in  the 
history  of  maritime  works  can  readily  be  sliown  to  be  due  to  the  appli- 
cation of  the  principles  heretofore  stated  of  defending  the  channel 
from  the  beach  sand,  letting  in  the  tide,  where  there  is  one,  and  main- 
taining a  reaction  over  the  bar. 

The  single  concave  jetty  at  Bilbao,  Spain,  is  probably  the  most 
successfiil  instance  of  work  of  this  description  to  be  found  on  record, 
and  its  influence  on  the  commerce  of  the  port  has  been  very  pro- 
nounced. 

The  acknowledgments  of  the  author  are  due  to  Professor  T.  C. 
Mendenhall,  Superintendent  of  the  United  States  Coast  and  Geodetic 
Survey,  for  the  use  of  the  comparative  maps  and  charts  of  the  New  Jersey 
coast,  and  for  such  other  data  as  were  available,  relating  to  this  investiga- 
tion, although  it  was  admitted  to  be  meager.  To  extend  it  one  of  the 
ablest  iDhysical  hydrographers  of  the  service,  it  is  believed,  has  been 
assigned  to  the  duty  of  making  further  observations  in  this  direction. 


APPENDIX. 


Having  learned  that  private  parties  were  driving  piles  in  Shark  River, 
with  a  view  to  reclaim  land,  the  writer  made  a  flying  trip  to  that  point 
on  June  12th,  1890,  to  observe  the  effects.  The  accomijanying  sketch, 
Plate  XXXIV,  will  illustrate  the  existing  condition  of  the  bars  and 
channels  better  than  a  mere  verbal  description.  The  row  of  piling, 
so  far  as  completed,  has  had  the  effect  of  increasing  the  deposit  carried 
in  on  the  flood  tide,  and  extending  the  inner  middle  ground  so  that  it 
now  forms  an  inner  spit,  overlapi^ing  the  outer  and  forming  between 
them  an  S,  or  reverse  curve,  with  rapid  cutting  of  the  concave  banks. 
As  the  jetty  is  extended,  if  slowly,  so  as  to  admit  a  sufficient  tidal 
volume,  it  will  ultimately  cut  a  new  channel  across  the  beach  to  the 
south  of  the  piling.  The  present  entrance  is  between  300  to  400  feet 
north  of  its  position  last  September. 
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Long  Bkanch. 

A  visit  was  also  paid  to  the  beach  at  Long  Branch  and  West  End, 
■where  it  was  found  that  portions  of  the  drive  were  poled  oflf,  in  conse- 
quence of  the  road-bed  having  been  washed  out.  The  great  variety  of 
revetments  existing  in  front  of  private  properties,  form  no  system  and 
no  continuous  protection.  In  many  places  the  junction  of  these 
different  works  form  injurious  re-entrants  which  throw  the  waves  over 
on  the  drive.  Some  of  those,  put  in  last  fall,  have  bulged  badly,  and 
iron  rods  1  inch  in  diameter  have  been  twisted  like  wires. 

A  careful  measurement  of  the  blaff  gives  its  height  as  22  feet  above 
low  water.  All  the  siaur  jetties  show  the  sand  banked  high  on  the  south 
face,  but  are  denuded  either  jjartially  or  wholly  on  the  opposite  side. 

The  writer  was  informed  that  an  effort  to  assess  the  county  for  a 
system  of  beach  protection  having  failed,  it  is  now  i^rojsosed  to  abandon 
the  ocean  drive  and  to  move  it  to  the  first  avenue  in  the  rear,  which  is 
under  contract  for  improvement. 

Manasquan. 

No  material  changes  were  observed  at  'Squan  Inlet,  save  a  scour  on 
the  ocean  side  oi  the  southern  sj^it  and  a  deposit  on  the  inside,  indi- 
cating a  westward  movement.  The  north  jetty  has  prevented  any 
material  extension  in  that  direction,  but  has  not  deepened  the  channel 
over  the  bar,  which  remains  at  about  Ij  feet  (mean  low  water).  The 
south  jetty  has  been  cut  away  at  the  outer  end  by  the  rapid  currents 
crossing  its  axis,  and  the  riprap  filling  now  obstructs  the  channel  and 
makes  it  dangerous  at  low  water  when  there  is  any  "  sea." 

June  14th,  1890. 
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DISCUSSION. 


F.  CoiiiiiNGWooD,  M.  Am.  Soc.  C.  E. — The  experience  of  all  observers 
is  that  careful  ol:servation  of  auy  given  locality  ou  the  sea  coast  will 
disclose  a  predominating  movement  or  drift  of  the  material  composing 
the  beach  in  one  direction.  Thus,  to  consider  the  case  of  the  Shark 
Kiver  inlet  (which  I  have  observed  quite  closely),  it  is  undoubtedly  true 
that  the  predominant  effect  of  all  the  agencies  at  work  is  to  cause  the 
inlet  at  this  point  to  advance  northward. 

The  waves,  during  the  summer,  almost  uniformly  apiDroach  the 
coast  at  an  angle  opening  northward,  so  that  both  in  running  up  the 
slope  of  the  shore  and  in  retreating,  the  trend  of  the  wash  is  northerly, 
and  leaves  a  checkerboard  appearance  on  the  surface  of  the  sand  in  its 
northward  movement.  On  asking  one  of  the  surfmen  of  the  Signal 
Service  when  the  inlet  closed,  he  said  usually  in  the  fall  or  spring,  but 
sometimes  (as  this  year)  in  the  summer.  As  for  the  cause,  he  said,  the 
winds  from  spring  to  fall  are  more  from  the  southeast  and  east,  but  in 
the  winter  the  northeast  winds  hold  the  inlet  where  it  is.  That  the 
winds  increase  or  diminish  the  tides  enormously,  is  a  matter  of  common 
observation,  and  the  currents  due  to  the  tides  must  be  jDroportioually 
increased.  The  growth  of  the  bar  and  trend  of  the  river  is,  of  course, 
the  resultant  of  all  the  forces. 

If  the  shore  of  the  ocean  were  straight,  and  there  were  nothing  to 
deflect  the  tidal  wave  from  a  normal  approach,  then  there  would  be  no 
tidal  currents.  But  there  are  banks  several  miles  out,  and  indentations, 
bays  and  inlets  to  be  filled  and  emptied,  so  that  the  wave  becomes  one 
of  translation,  and  the  flood-wave  will  generally  on  this  part  of  the 
coast  have  a  northerly  movement. 

As  to  the  winds,  those  in  the  southeast  quadrant  have  a  free  sweep 
over  the  broad  ocean,  while  those  from  the  northeast  cross  the  land 
(Long  Island,  etc.),  and  have  a  limited  space  on  which  to  act.  The 
tendency  also  of  the  conformation  of  the  coast  from  New  England 
dow^n  would  be  to  cause  the  greater  waves  from  the  ocean  to  change 
the  direction  of  their  front,  so  that  in  any  case  the  northeast  winds 
would  be  less  effective  than  the  southeast  in  modifying  the  shore,  and 
the  predominant  travel  of  the  waves  will  be,  as  stated,  to  the  north- 
ward. 

The  description  of  the  river  qitoted  from  the  report  of  the  Chief  of 
Engineers  is  not  quite  correct.  The  depth  of  the  lake  or  bay  to  the 
west  of  the  railroad  bridge  is,  over  considerable  ijortions,  many  times 
"  3  feet." 

The  railroad  bridge  (really  it  is  a  pile  trestle)  crosses  at  about  3  000 
feet  from  the  ocean,  and  it  is  this  length  which  may  be  called  the  river. 
The  bridge  greatly  interferes  with   the  free  flow  of   the  tides  to  the 
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interior  basin,  and  there  are  indications  that  the  lower  section  of  the 
stream  is  diminishing  in  consequence. 

This  year  the  spit  shown  in  the  sketch  by  the  author  of  the  paper 
extended  afterward  at  least  400  feet  further  to  the  north.  This  in- 
creased length  of  the  channel  caused  the  ebb  current  to  be  too  feeble  to 
remove  the  sand  washed  over  the  spit  at  every  high  tide,  and  finally 
about  the  first  of  July  the  inlet  closed. 

By  Jiily  21st  the  water  surface  in  the  river  was  about  2  feet  above 
mean  tide,  and  a  cut  about  4  feet  wide  was  made  at  about  the  point 
on  the  plan  marked  •'  Cut  of  '88."  By  night  this  had  increased  to  8 
feet  wide  and  2  feet  deep,  and  by  the  next  morning  to  50  feet  wide 
and  6  feet  deep.  It  finally  enlarged  to  about  100  x  10  feet,  with  a 
maximum  velocity  of  flow  of  at  least  6  miles  an  hour. 

Immediately  the  northward  movement  began  by  cutting  at  the  north 
and  filling  at  the  south  of  the  entrance,  at  the  rate,  for  more  than  a 
week,  of  about  20  feet  per  day. 

The  stream  formed  a  large  delta  at  its  mouth,  and  the  greatest 
discharge  would  be  first  to  the  northeast,  then  southeast,  then  east, 
following  always  that  slope  which  at  the  time  was  steepest. 

The  delta  finally  reached  about  200  to  300  feet  out,  and  then  began 
to  take  the  form  of  a  bar,  by  the  waves  checking  its  further  advance^ 
and  the  tidal  currents  excavating  and  deepening  the  space  inside.  At 
the  present  writing  this  bar  flares  outward  somewhat  to  the  north, 
and  the  deepest  water  is  in  that  direction,  as  is  invariably  the  case. 
The  travel  northward  of  the  inlet  continues,  but  at  a  much  slower 
rate. 

The  spit  on  the  south  now  curves  inward,  the  cuivature  being 
caused  by  a  northward  deflection  of  the  ebb  tide  by  the  south  bank,  and 
a  southerly  deflection  of  the  flood  by  a  newly  driven  line  of  piles  which 
extend  ou.t  nearly  to  high  water.  In  the  Sej^tember  storm  of  last  year 
the  waves  would  break  on  the  shore  of  the  spit,  and  carry  great  quanti- 
ties of  sand  northwesterly  into  the  river.  On  the  contrary,  the  north- 
east gale  prevailing,  blew  large  amounts  of  sand  southwesterly,  so  as 
to  cover  fences  in  the  vicinity  with  drifts. 

The  shore  on  the  ocean  front  at  Key  East  (now  Avon)  is  a  bluflf  10 
feet  high,  and  the  waves  struck  it  with  force  sufficient  to  cut  it  away  50 
feet,  and  send  spray  40  feet  into  the  air.  The  shore  at  Belmar,  on  the 
contrary,  is  a  sandy  slope  of  say  1  on  6,  and  on  this  the  waves  would 
lose  their  force,  so  that  light  obstructions,  such  as  brush,  would  cause 
the  deposit  of  sand. 

I  saw  the  same  action  at  Newport  News.  The  embankment  for  the 
dry  dock  at  that  point  extended  1  000  feet  into  the  James  River,  and 
was  exposed  on  both  sides  to  the  sweep  of  the  waves.  The  material  was 
light  sand  and  loam,  and  the  banks  were  cut  rapidly  by  the  waves  until 
a  slope  of  about  1  on  6  was  reached,  when  all  cutting  ceased. 
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In  conclusion,  it  is  evident — 

First. — That,  whatever  be  the  cause,  there  is  a  determinate  tendencj 
of  inlets  on  this  portion  of  the  coast  to  elongate  to  the  northward  until 
they  come  to  be  iDractically  parallel  with  the  coast. 

Second. — From  the  present  action  of  the  inlet  at  Shark  Eiver,  and 
the  experience  with  jetties  at  Manasquan,  it  is  a  mistake  to  run  a  jetty 
out  straight  and  at  right  angles  to  the  shore.  The  effect  of  this  is  to 
deflect  the  sand  into  the  mouth  of  the  inlet. 

Third. — As  the  deep  water  in  the  inlet  near  its  outer  end  is  found  on 
that  side  of  the  inlet  towards  which  the  shore  currents  set,  it  would 
seem  that  a  tight  jetty  on  that  side  (as  I  understand  the  author  recom- 
mends) curving  first  concave  to  the  shore  so  as  to  be  nearly  parallel  to 
the  shore  at  about  the  general  range  of  high  water,  and  from  thence 
curving  concave  outward,  so  as  to  gradually  deflect  the  currents  ocean- 
ward,  would  be  the  most  likely  to  insure  deep  water  against  its  face. 
The  fill  would  take  place  on  the  opposite  side  of  f.ie  jetty.  If  a  jetty 
should  be  placed  on  the  opposite  side  of  the  inlet  it  should  not  be 
carried  so  far  seaward,  and  should  be  only  to  prevent  the  ebb  from 
cutting  in  the  concave  bend  on  that  side.  But  it  needs  to  be  carried 
inland  far  enouuh  to  j)revent  cutting  behind  it,  as  has  happened  at 
Manasquan. 

In  the  paper  on  the  East  Coast  of  England,  referred  to  by  the  author, 
the  harbor  of  Southwald  is  mentioned.  The  drift  there  is  to  the  south,, 
and  two  piers  or  jetties  300  feet  long  have  been  built  in  a  southeast 
direction.  These  have  caused  a  large  mass  of  shingle  to  be  heaped  ui> 
to  the  south  of  the  south  pier.  "There  is  also  a  large  accumulation  of 
beach  and  sand,  within  the  entrance  on  the  north  side,  formed  of  large 
bowlder  shingle,  which  passes  the  pier-head  and  travels  up  the  harbor. 
The  north  pier  has  recently  been  extended  to  a  similar  distance  as  the 
south  pier,  but  the  shingle  from  the  northward  is  much  in  advance  of 
it,  and  after  passing  the  entrance  collects  around  the  south  pier-head,'^ 
and  under  certain  conditions  the  harbor  is  choked. 

It  is  clear  that  in  this  case  the  northerly  jetty,  that  is  the  one  first 
impinged  upon  by  the  shingle  traveling  along  the  coast,  is  a  detriment. 

It  is  very  certain  that  vertical  bulkheads  are  not  good  as  a  protection 
to  banks  exposed  to  the  direct  force  of  the  waves,  and  much  money  ia 
being  wasted  along  our  coasts  in  building  them. 

James  B.  Francis,  Past  President  Am.  Soc.  C.  E. — At  the  Seabright 
meeting,  last  year,  I  watched  the  operation  of  the  waves  coming  from  the 
south,  and  the  movement  of  the  sand  was  visible.  The  waves  broke  on 
the  shore  diagonally,  every  wave  carrying  northerly  a  certain  amount  of 
sand;  when  the  force  of  the  wave  was  exhausted  the  sand  did  not  return, 
but  was  deposited,  to  be  carried  further  north  by  the  succeeding  wave. 
There  was,  at  the  same  time,  a  distinct  northerly  current,  which  I  esti- 
mated at  about  10  feet  per  minute,  from  the  motion  of  a  barrel  about 
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100  feet  from  the  shore  floating  parallel  to  it.  The  movement  of  the 
eand  appeared  to  be  quite  independent  of  the  current. 

N.  W.  Eayks,  M.  Am.  Soc.  C.  E. — The  chief  claim  to  originality  in 
the  paper  by  Professor  Hauj^t  lies  in  the  development  of  the  "flood 
component "  theory  and  the  aiij^lication  of  it  to  the  improvement  of 
harbors  on  sandy  c  lasts.  The  general  principles  upon  which  such  works 
of  imjirovement  must  be  based,  viz.,  "1st,  Keep  out  the  littoral  drift; 
2d,  let  in  the  flood  tide;  3d,  conserve  the  ebb  energy  over  a  limited 
sector  of  the  bar,  and  4th,  maintain  a  continuous  reaction  ui)on  the 
ebb  currents" — have  been  generally  accepted  by  engineers,  and,  there- 
fore, are  (except  in  regard  to  the  fourth  principle,  possibly)  not  new. 
But  the  establishment  of  the  "flood  comjjonent "  as  the  cause  of  the 
littoral  movement  of  material  along  the  shores,  and,  consequently,  the 
cause  of  the  configuration  of  the  harbors  and  inlets  along  our  Atlantic 
coast  would,  it  seems  to  me,  reverse  the  order  of  the  importance  of  the 
principles  upon  which  harbor  works  should  be  based.  This  order  Pro- 
fessor Haupt  has  very  i^roperly  reversed,  in  the  summary  quoted  above, 
making  the  eflects  of  the  flood  tide  the  first  consideration. 

The  littoral  currents,  and  the  transportation  of  drift  material  from 
point  to  ijoint  along  the  coast,  have  been  made  the  subject  of  study  by 
various  investigators,  and  it  has  been  generally  assumed  that  the  direction 
of  the  prevailing  drift  was  dejiendent  upon  the  wave  movement  along 
the  shore,  which  movement  was  itself  in  the  direction  of  the  prevailing 
wind.  This  is  an  erroneous  assumption,  for  numerous  instances  can  be 
mentioned  where  the  direction  of  the  littoral  drift  is  contrary  to  the 
direction  ot'  the  i^revailing  wind.  For  example,  along  the  north  side  of 
Long  Island,  N.  Y.,  the  drift  is  westward,  while  on  the  south  shora  it  is 
eastward,  and  yet  the  direction  of  the  ])revalent  wind  is  the  same  on 
both  sides  of  the  island.  Again,  on  the  south  shores  of  Martha's  Vine- 
yard and  Nantucket  the  prevailing  movement  of  t!:e  drift  is  eastward, 
while  the  winds,  at  least  during  the  portions  of  the  year  when  they  are 
of  the  greatest  intensity,  are  generally  from  the  north  or  northeast. 
This  opposition  between  the  direction  of  the  littoral  movements  and 
the  direction  of  the  prevailing  winds  has  been  noted  by  many  observers 
hitherto,  but  I  think  that  Professor  Haupt  may  justly  claim  the  dis- 
tinction of  being  the  first  to  recognize  the  generality  of  the  phenome- 
non, and  to  ascribe  to  it  its  true  cause,  namely,  the  modification  of  the 
ocean  tide  by  the  "  nodal "  points  on  the  sea  coast. 

It  is  universally  conceded  that  the  most  satisfactory  remedy  for  the 
condition  of  harbors  on  sandy  coasts  is  the  application  of  the  jetty 
system.  This  system  consists,  as  is  well  known,  in  the  construction  of 
one  or  two  (generally  two)  jetties,  the  object  aimed  at  being  primarily 
the  concentration  of  the  ebb  current  so  as  to  produce  the  greatest 
scouring  effect  upon  the  bar,  and  only  secondarily  the  protection  of  the 
harbor  entrance  from  the  littoral  drift.     In  planning  the  location  of  two 
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jetties  at  the  moiitli  of  a  harbor,  the  engineer  is  confronted  by  an  inde- 
terminate problem,  to  wit :  How  far  apart  must  the  sea  end  of  the 
jetties  be  placed  in  order  to  give  the  requisite  velocity  to  the  issuing  cur- 
rent and  yet  not  impair  the  free  access  of  the  flood  tide  to  the  tidal 
basin.  In  the  determination  of  the  necessary  velocity  to  be  obtained  in 
order  to  scour  out  the  shoals  the  ordinary  hydraulic  formulas  are  not 
applicable;  for  they  have  been  obtained  from  observations  on  rivers 
where  the  flow  is  constant  in  direction.  But  in  a  tidal  channel  the 
directions  and  strength  of  currents  are  hopelessly  confused.  Neither 
can  any  assistance  be  obtained  from  the  usually  accepted  expressions 
for  the  velocity  necessary  to  move  sand  or  other  material.  I  Imve,  my- 
self, obtained,  with  a  current  meter,  bottom  velocities  in  the  entrance  to 
Nantucket  Harbor  far  in  excess  of  that  given  as  sufficient  to  transport 
material  corresponding  to  that  of  the  bed  of  the  channel,  and  yet  the 
bottom,  which  was  plainly  visible,  was  motionless. 

The  danger  that  may  arise  from  placing  the  jetties  so  near  together, 
in  order  to  secure  the  necessary  concentration  of  the  ebb  current,  that 
the  entrance  of  the  flood  tide  is  seriously  impaired,  is  not  so  important  in 
the  case  of  a  harbor  which  has  a  large  fresh  water  drainage,  as  in  the  case 
of  a  strictly  tidal  harbor.  In  the  former,  the  diminution  of  volume  of 
the  tidal  prism  may  be  made  good  by  the  fresh  water  discharge;  in  the 
latter,  the  efficiency  of  the  ebb  current  depends  upon  the  complete 
filling  of  the  tidal  basin. 

It  seems  to  me  decidedly  questionable  whether  works  designed  to 
confine  and  concentrate  the  ebb  current  can  be  so  placed  as  to  be  no 
impediment  to  the  entrance  of  the  fiood  tide.  I  fully  agree,  therefore, 
with  Professor  Haupt's  view  of  the  greater  probability  of  success  in  the 
improvement  of  a  harbor  which  has  no  fresh  water  drainage,  and  where 
there  is  a  "resultant  movement  of  the  drift"  by  the  use  of  a  single 
jetty  proj^erly  placed  than  by  two  jetties.  Certainly  the  first  two 
conditions  of  success  will  be  better  fulfilled  with  one  jetty  than  with 
two. 

The  improvement  of  Nantucket  Harbor,  Mass. ,  is  a  case  in  point.  This 
harbor  has  no  fresh  water  emptying  into  it.  The  entrance  is  obstructed 
by  a  bar  which  had  but  6  feet  of  water  at  low  water  in  the  channel  up  to 
a  few  years  ago.  The  material  composing  this  bar  and  the  numerous 
shoals  to  the  north  on  Nantucket  Island  undoubtedly  come  from  the 
westward.  After  an  exhaustive  study  of  the  physical  characteristics  of 
the  bar,  the  late  General  G.  K.  Warren,  Corps  of  Engineers,  U.  S.  A., 
in  1879  proposed  to  attempt  the  improvement  of  the  harbor  by  building 
a  single  jetty  from  the  north  shore  of  the  island  to  the  crest  of  the  bar  on 
the  west  side  of  the  entrance.  The  jetty  was  commenced  in  1881;  in 
1886,  although  the  jetty  had  been  built  but  about  two-thirds  the 
contemplated  length,  an  increased  depth  of  18  inches  had  been  obtained 
on  the  bar,  and  the  areas  included  between  the  9  and  12  foot  contours 
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inside  the  bar  had  been  materially  increased.  This  improvement  was 
the  result  of  simply  arresting  the  flow  of  sand  from  the  westward,  as 
there  had  been  no  concentration  of  the  ebb  current. 

It  would  be  unwise,  however,  to  argue  from  the  success  which  has 
so  far  been  obtained  at  Nantucket,  through  the  action  of  a  single  jetty, 
that  a  second  jetty  is  unnecessary,  for  the  directions  which  the  littoral 
drift  takes  are  somewhat  jjeculiar.  The  prevailing  easterly  current, 
entering  Nantucket  Sound  by  Muskeget  Channel,  is  laden  with  sand, 
which  is  deposited  on  the  shoals  between  Tuckernuck  and  Great  Point. 
A  portion  of  this  sand  is  washed  along  the  north  shore  to  the  eastern 
extremity  of  Brant  Point,  where  its  further  progress  is  stopped  by  the 
outflow  from  the  inner  basin.  It  is  by  the  interception  of  this  volume 
of  drift  material  that  the  success  which  has  attended  the  building  of  the 
west  jetty  has  been  achieved.  Another  i^ortion  of  the  sand  current 
follows  the  outline  of  the  bar  until  Great  Point  is  reached,  where  it  is 
deflected  to  the  southward  along  Coatue  Beach,  carrying  an  enormous 
volume  of  sand  until  Coatue  Point  is  reached  on  the  east  side  of  the 
harbor  entrance.  Here  the  velocity  is  checked  by  the  outflow  from  the 
harlior,  and  the  sand  is  deposited,  forming  Coatue  Shoal. 

That  such  is  the  movement  of  sand  over  the  shoals  is  jjroved  by  the 
shape  of  Tuckernuck  Shoal,  and  by  the  constant,  though  slow,  cast- 
Avard  movement  of  the  channel  over  tlie  bar  ;  and  also  l)y  the  large 
accretions  to  the  shore  of  Coatue  which  have  taken  place  on  the  north- 
erly side  of  the  spur  jetties  which  were  built  for  the  protection  of  that 
beach. 

Herein  lies  the  necessity  for  a  second  jetty  at  Nantucket ;  a  necessity 
which  does  not  militate  against  the  "flood  component"  theory,  but  is 
rather  in  favor  of  it. 

In  1885  a'  board  of  engineer  officers  was  convened  to  decide  upon  the 
location  of  a  second  jetty,  which  was  deemed  advisable,  liecause,  up  to 
that  time,  the  first,  or  west  jetty,  had  produced  no  appreciable  effect 
upon  the  bar.  After  a  careful  study  of  the  harbor  it  was  decided  to 
place  the  jetty  with  its  shore  end  resting  on  Coatue,  and  to  continue  it 
thence  in  a  direction  nearly  parallel  with  the  north  shore  of  Brant  Point, 
and  al)Out  2  000  feet  distant  therefrom,  thence  by  a  curve  to  the  north- 
ward until  a  tangent  to  the  curve  would  be  parallel  with  the  west  jetty 
and  about  1  000  feet  distant  from  it.  The  inner  portion  of  the  second 
jetty,  for  about  2  500  feet  from  Coatiie  Beach,  was  to  be  built  to  a  height 
of  5  feet  above  mean  low  water  ;  the  remainder  of  the  jetty,  about  4  500 
feet  in  length,  was  to  be  submerged,  the  top  at  the  height  of  mean  low 
water.  The  principal  object  aimed  at  was  to  concentrate  the  ebb  cur- 
rent over  a  limited  section  of  the  bar  and  produce  the  desired  increase 
in  depth  by  erosion. 

In  1886,  however,  before  the  second  or  eastern  jetty  had  been  com- 
menced, it  was  found  that  there  was  a  good  channel   between  Brant 
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Point  aud  the  outer  slope  of  the  bar,  Avith  18  inches  more  water  at  mean 
low  water  than  ever  before,  and  in  his  report  to  the  Chief  of  Engineers 
for  the  tiscal  year  ending  June  30th,  1886,  Colonel  George  H.  Elliott, 
Corps  of  Engine?rs,  then  in  charge  of  the  work,  reported  as  follows  : 

"Careful  surveys  were  made  in  June  last  of  the  bottom  of  the 
entrance  to  the  harbor  to  determine  what  effect,  if  any,  the  west  jetty 
alone  had  produced  on  the  bar,  reports  having  been  received  that  the 
water  had  deepened,  and  that  vessels  experienced  much  less  difficulty 
last  spring  than  formerly  in  crossing  the  bar  at  low  tide.  Our  survey 
fully  confirmed  these  reports. 

"Although  but  little,  if  any,  effect  had  been  expected  before  the  two 
jetties  should  have  been  extended  until  they  should  become  pai*allel  and 
contract  the  channel  to  the  width  contemplated,  viz.,  1  000  feet,  it  was 
found  in  the  survey  just  referred  to  that  on  a  line  from  Brant  Point  to 
the  present  end  of  the  west  jettv  the  least  depth  of  water  was  nearly  1^ 
feet  greater  than  at  the  time  of  our  previous  survey,  and  vessels  had  less 
difficulty  in  entering  and  leaving  the  harbor." 

The  construction  of  the  second,  or  eastern,  jetty  was  commenced  in 
1887,  and  to  the  present  time  a  length  of  about  500  feet  from  Coatue  is 
completed.  I  was  informed,  this  summer,  by  the  officers  of  the  steamer 
running  between  Nantucket  and  Woods  Holl,  and  by  others  who  were 
familiar  with  the  navigation  of  Nantucket  Sound  and  Harbor,  that  the 
increased  depth  noted  in  1886  is  Avell  maintained,  and  that  vessels  drawing 
10  feet  of  water  had  passed  in  and  out  of  the  harbor  without  difficulty. 
As  the  mean  rise  of  tide  is  but  3  feet,  a  draught  of  9  feet  hitherto  practi- 
cally shut  out  vessels  even  at  high  water. 

Since  the  construction  of  the  small  portion  of  the  eastern  jetty  as  yet 
completed,  the  southern  extremity  of  Coatue  Flat,  which  formerlr 
was  bare  at  low  water,  has  disappeared,  and  the  shoal  seems  to  be  rapidly 
washing  away. 

This  result  of  the  work  at  Nantucket  has,  it  will  be  seen,  been 
obtained  without  any  contraction  of  the  ebb  current  and  consequent 
erosion,  but  solely  by  arresting  the  flow  of  sand  into  the  harbor.  The 
rapidity  with  which  Coatue  Flat  is  disappearing,  from  the  sujjply  of 
sand  necessary  to  its  existence  being  cvit  off  by  the  500  feet  of  jetty  so 
far  built,  shows  how  important  that  second  or  eastern  jetty  is  to  the 
improvement  of  the  harbor. 

The  value  of  Professor  Haupt's  generalization  lies  in  the  application 
of  it  to  works  of  harbor  improvement,  and  the  establishment  of  the 
"flood  component  "  theory  would  necessarily  modify,  to  some  extent, 
the  method  of  ajiplying  the  jetty  system  to  the  improvement  of  harbors. 
It  is  to  be  hoped,  therefore,  tliat  this  paper  will  call  out  considerable 
comment. 

L.  M.  Haupt,  M.  Am.  Soc.  C.  E, — The  author  is  gratified  to  note 
the  substantial  unanimity  of  opinion  as  to  observed  phenomena  by  the 
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distinguished  members  who  have  taken  part  in  the  discussion  of  this 
paper.  This  is  the  more  remarkable  since  so  little  attention  is  given  to 
the  subject  of  harbor  improvements  by  the  civil  engineers  of  the  United 
States  where  the  public  works  of  this  character  are  under  the  control  of 
the  Government  Engineers.  Yet  it  is  a  noteworthy  fact  that  there  has 
been  no  response  from  that  source  on  the  questions  at  issue.  On  the 
other  hand,  it  is  found  that  the  proceedings  of  the  British  Institution 
of  Civil  Engineers  are  replete  with  protracted  discussions  on  this  sub- 
ject which  has  done  so  much  to  extend  the  supremacy  of  the  United 
Kingdom  to  the  remotest  quarters  of  the  globe. 

One  of  the  most  recent  discussions  by  the  institution  took  place  at 
the  meeting  held  February  4th,  1890,  upon  the  comprehensive  paper  of 
Mr.  William  H.  Wheeler,  entitled  "Bars  at  the  Mouths  of  Tidal 
Estuaries,"  to  which  the  author  desires  to  call  attention,  and  especially 
to  his  conclusions,  reached  after  a  carefvil  review  of  the  various  types 
of  estuaries  in  and  near  England.     He  siams  up  his  remarks  as  follows  : 

1.  That  the  causes  Avhich  operate  in  maintaining  the  ex'stence  of  bars 
in  tidal  estuaries  come  from  the  sea,  and  are  not  due  to  inland  water. 

2.  That  the  disi^ersal  of  bars  and  the  improvement  of  the  outfall 
channels  of  estuaries  can  be  accomplished  by  increasing  the  volume  and 
velocity  of  the  tidal  water  passing  over  the  bar,  and  by  giving  a  greater 
preponderance  to  the  ebb  current. 

3.  That  those  estuaries  having  natural  deep  water  outlets  should  be 
taken  as  guides,  and  the  lessons  these  teach  are:  (a)  That  the  mouth  of 
the  outfall  should  be  cai^acious  enough  to  allow  of  the  entry  of  sufficient 
tidal  water  to  fill  up  all  the  estuary  and  upper  reaches  of  the  river;  (b) 
that  to  insure  a  regular  and  undisturbed  flow,  the  form  of  the  estuary 
should  be  such  as  to  afford  a  gradually  decreasing  width  from  the  out- 
fall (inward) ;  (c)  that  the  depth  of  water  in  the  channel  should  be  suf- 
ficient to  allow  of  a  free  projaagation  of  the  tidal  wave;  (d)  that  the  longer 
the  run  of  tidal  water  that  can  be  given  the  more  effective  will  be  the 
scouring  action,  and  that  therefore  all  obstructions  to  the  free  flow  of 
the  tidal  current  are  })rejudicial  to  the  outfall;  (e)  that  it  is  essential  to 
secure  adequate  depth  of  the  channel  by  natural  scour  or  by  dredging; 
(/)  that  training  and  fixing  in  one  position  the  low-water  channel  in  a 
sandy  estuary  is  of  first  imi^ortance  in  seciiring  the  full  advantage  of  the 
tidal  scour  and  in  maintaining  a  deep  channel;  ( ;/)  that  water  flowing 
in  and  out  of  an  estuary  which  does  not  pass  to  or  from  the  sea  over  the 
bar  and  by  the  main  navigable  channel  is  of  no  advantage  to  the  outfall, 
and  is  better  excluded,  etc.     *     *     * 

4.  That  piers  carried  out  from  the  shore  are  useless  unless  extended 
to  deep  water.  That  they  should  be  so  designed  as,  while  not  unduly 
throttling  the  inflow  of  the  tidal  water,  they  should  effect  the  greatest 
amount  of  scouring  force  from  the  ebb  current. 

In  closing  his  j)resentation  Mr.  Wheeler  says  also: 

"  As  the  chief  object  to  be  attained  in  the  disposal  of  bars  is  the 
prevention  of  the  material  composing  them  traveling  along  the  beach, 
from  being  carried  into  the  mouth  of  the  estuary,  a  single  wall,  carried 
up  sufficiently  high  to  arrest  the  progress  of  the  sand  or  shingle,  may, 
on  some  coasts,  be  sufficient.  This  wall  would  have  to  be  placed  on  the 
side  of  the  channel  from  which  the  littoral  currents  and  prevailing  gales 
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come;  be  carried  out  into  deep  water,  and  be  concave  in  form,  with  the 
concave  side  next  the  channel.  *  *  *  The  flood  current,  having  ta 
work  along  the  convex  side  and  around  the  projecting  end,  would  keep  it 
scoured.  The  ebb  current  from  the  estuary  would  always  have  a  tend- 
ency to  keep  along  the  concave  side  and  thus  maintain  deep  water  along 
the  wall. " 

How  completely  these  principles  have  been  anticipated  on  this  side 
of  the  Atlantic  Avill  be  seen  from  the  paper  submitted  to  the  Society, 
with  its  associated  documents,  and  it  is  believed  that  an  additional  con- 
dition of  great  weight  has  been  provided  for  by  leaving  a  large  aperture 
at  the  shore  flank  of  the  breakwater  for  the  free  admission  of  the  flood 
tide,  thus  contributing  greatly  to  the  solution  of  what  Mr.  Eayra 
characterizes,  very  properly,  as  the  indeterminate  problem  of  letting  in 
the  flood  while  concentrating  the  ebb  tides. 

The  second  jetty,  which  Mr.  Eayrs  states  is  a  necessity  at  Nantucket^ 
acts  merely  as  a  "grogive,"  and  not  as  a  "jetty."  It  would  be  quite 
as  efifeetive  if  placed  a  little  farther  east  and  made  even  shorter  than  in 
the  proposed  plan. 

This  is  one  of  theiDcculiar  cases  where  a  reflex  current  exists,  induced 
by  the  deeply  indented  bay  on  the  north  side  of  Nantucket,  one  horn  of 
which  (Long  Point)  intercepts  'the  current  and  turns  a  jjortion  of  it 
south  and  west,  forming  Coatue  Beach.  The  comparative  charts  of 
Long  Point  will  show  whether  the  parallel  currents  which  maintain  it 
are  coincident  or  opposite,  and  southward,  or  the  reverse. 

Similar  reversals  of  currents  are  found  at  Hatteras  and  Beaufort  on 
the  indented  coast  of  North  Carolina,  where,  in  lee  of  the  capes,  there 
is  an  eastward  drift  current,  and  where  the  engineering  features  must 
be  modified  accordingly. 

This  coast  furnishes  another  instance  of  sand  moving  in  a  direction 
opposite  to  the  prevailing  winds.  In  the  Report  of  the  Chief  of  Engineer* 
for  1885  Colonel  Elliott  asserts  that  the  eastwardly  movement  of  the 
littoral  drift  is  due  to  the  prevailing  westerly  winds,  yet  he  also  acknowl- 
edges in  the  same  report,  the  westerly  drift  of  sand  along  Coatue  Beach, 
or  in  a  direction  oj^posed  to  the  wind,  but  no  explanation  is  oftered  of 
this  apparent  anomaly. 

The  form  of  single  lireakwater  which  the  author  has  designed  for 
such  diflScult  bars  as  obstruct  the  entrances  to  Charleston,  Galveston, 
Aransas  Pass,  and  other  ports  where  there  is  a  prevalent  littoral  drift,  is 
best  shown  in  the  accompanying  sketch  of  Aransas  Pass,  Texas  (Plate 
XXXV),  which  is  now  in  the  hands  of  a  private  company  for  improve- 
ment. This  pass  has  drifted  more  than  2  miles  to  the  southward  in  the 
last  forty  years — or  at  the  rate  of  265  feet  per  annum.  The  author  does 
not  feel  justified  here  in  consuming  the  space  necessary  to  explain  the 
action  and  results  to  be  expected  from  this  reaction,  fvdlj  believing  that 
the  chart,  with  the  requirements  of  the  problem,  as  already  stated,  will 
make  the  solution  sufficiently  intelligible. 
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As  to  the  cause  for  the  observed  predominating  direction  of  littoral 
drift,  it  may  not  be  very  material  except  as  a  scientific  question,  yet  it 
was  the  investigation  of  this  question  that  led  to  the  practical  deductions 
already  submitted  which  were  so  emj^hatically  indorsed  by  the  Ameri- 
can Philosophical  Society  in  December,  1887. 

Mr.  CoUingwood  seems  to  lean  to  the  wind  wave  theory  rather  than 
to  that  of  the  "  flood  component,"  and  his  views  appear  to  be  based  upon 
the  opinion  of  a  single  Signal  Service  keeper  at  Shark  River.  It  seems 
to  the  writer  that  a  cause  such  as  the  latter  ascribes  to  the  northward 
movement  of  the  inlet  at  Shark  River  should  apply  with  at  least  equal 
force  at  Barnegat  or  Abseeon  Inlets  some  miles  further  soiith  and  ex- 
jjosed  to  the  fall  fetcli  of  the  Atlantic's  waves,  but  where  the  littoral 
movements  are  in  the  oi3posite  direction,  or  southward. 

The  effects  of  the  storm  of  September  12th,  1889,  which  veered 
from  north  to  northeast,  are  noted  by  Mr.  CoUingwood,  where  he  says: 
"The  wave^  would  brea'i  on  the  shore  of  the  sjiit  and  carry  great 
quantities  of  sand  northwesterly  into  the  river.  On  the  contrary,  the 
northeast  gale  drifted  large  amounts  of  sand  southwesterly  so  as  to 
cover  fences  in  the  vicinity." 

The  writer  understands  this  to  mean  that  while  the  sand  onshore  was 
driven  before  the  wind,  tha*^^  under  water  moved  at  right  angles  thereto; 
a  physical  impossibility,  unless  another  force  were  brought  into  action, 
and  that  the  "  flood  comi3onent  "  or  northwardly  moving  littoral  current. 
If  it  were  wind  alone  it  would  seem  that  the  northern  beach  should  have 
been  driven  southward,  and  the  author  made  a  visit  to  this  inlet  as  soon 
after  the  storms  as  possible  to  determine  this  question,  and  found  that 
there  had  been  no  recession  of  the  mouth  to  the  southward.  In  his 
conclusions  Mr.  (lollingwood  does  not  lay  stress  on  the  cause,  but 
emphasizes  the  facts  which  it  was  the  intention  of  the  author  to  draw 
out,  viz. :  that  at  most  inlets  there  is  a  predominating  direction  of  move- 
ment which  furnishes  the  key  to  the  successful  design  of  works  for  the 
improvement  of  the  bars  obstructing  the  entrance  from  the  sea.  How 
closely  he  accords  with  the  writer  will  be  seen  by  comparing  his  second 
and  third  deductions  with  the  plans  for  Aransas  Pass.  In  reference  to 
the  harbor  of  Southwald,  the  defect  arose  from  a  violation  of  the  condi- 
tions in  not  extending  the  piers  to  deep  water,  nor  were  they  of  j^roper 
form  nor  in  proper  position.  The  angle  to  the  south  made  a  "  lee  "  in 
which  was  caught  the  shingle  drifting  past  the  pier-heads  in  compara- 
tively shallow  water.     It  is  not  surprising  that  "the  harbor  is  choked." 

There  are  many  interesting  facts  in  this  discussion,  especially  as  to 
the  rapid  rate  of  advance  of  the  Shark  River  inlet  and  of  the  new  cut, 
for  which  the  author  feels  personally  indebted  to  his  colleagues  who 
have  aided  in  advancing  a  knowledge  of  tlie  subject.  It  is  hoped  that 
more  extended  interest  may  be  manifested  in  the  development  of  our 
commercial  facilities  by  the  Society  generally. 
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Mr.  H.  C.  Ripley,  C.  E. — I  have  read  the  paper  of  Professor  Haupt 
on  "Littoral  Movements  of  the  New  Jersey  Coast,  with  remarks  ou 
Beach  Protection  and  Jetty  Reaction,"  with  much  interest.  This  interest 
is  intensified  in  no  small  degree  by  the  fact  that  my  own  experience  has 
led  me  to  the  same  conclusions  with  regard  to  many  of  the  phenomena 
treated  so  ably  by  the  author.  Want  of  time  will  not  permit  me  to  enter 
exhaustively  into  the  discussion  of  this  paj^er.  There  are  two  features 
of  it,  however,  that  are  of  such  paramount  importance  in  the  solution  of 
the  problem  of  harbor  improvements  that  I  would  be  glad  to  add  the 
testimony  of  my  own  observations  and  studies.  These  features  are  the 
"  Resultant  Direction  of  Drift"  and  "Reaction  vs.  Velocity." 

With  regard  to  the  former  it  may  be  said  that  the  history  of  Manas- 
quan  River  Inlet  is  almost  identical  with  that  of  many  of  the  Gulf  inlets, 
particularly  that  of  Aransas  and  Galveston,  although,  perhaps,  the  cycle 
of  changes  has  not  been  so  completely  observed  at  these  latter  places  as 
at  the  former. 

At  Aransas  the  southerly  movement  of  the  pass  is  well  authenticated. 
An  examination  of  the  topography  of  Mustang  Island,  south  of  the  pres- 
ent entrance,  shows  unmistakable  evidence  of  the  pass  having  been  at 
some  more  or  less  remote  period  about  1  700  feet  further  to  the  south- 
west than  its  present  position ;  when,  by  some  extraordinary  storm  effect, 
the  channel  undoubtedly  broke  through  St.  Joseph  Island  at  the  foot  of 
Aransas  Bay  to  repeat  again  its  southerly  movement.  (See  chart  opp. 
p.  1470.     Report  of  C.  of  E.  for  1882,  part  2.) 

The  history  of  the  changes  in  this  pass  not  only  shows  the  resultant 
direction  of  drift  but  also  the  cyclic  character  of  those  changes  and  the 
danger  which  may  be  apprehended  and  must  be  guarded  against  in  any 
plan  for  its  improvement.  For  while  works  are  being  constructed  at  the 
entrance  of  the  pass  to  deepen  the  water  there,  a  new  channel  is  liable 
to  break  through  the  island  further  to  the  north,  if  not  guarded  against, 
which,  with  its  shorter  distance  to  the  Gulf,  and  consequently  greater 
water  slope,  will  baffle  every  effort  toward  closing  it,  and  hence  in  such 
an  event  the  works  at  the  old  entrance  would  have  to  be  abandoned.  At 
Galveston  the  pass  has  not  moved  in  so  marked  a  degree.  Yet  the  main 
channel'across  the  bar  has  suffered  changes  in  position  which  indicate 
■with  a  great  degree  of  certainty  the  resulting  direction  of  drift,  and  also 
the  cyclic  character  of  those  changes.  In  1851  the  position  of  the  main 
ship  channel  was  southeast  from  the  light  vessel,  in  1867  it  was  south- 
southeast,  and  in  1872  it  was  directly  south.  A  storm  in  1875  caused  a 
channel,  which  at  once  became  the  main  ship  channel,  to  break  through 
the  bar  at  a  point  directly  east  of  the  light  vessel,  in  the  prolongation  of 
Bolivar  Channel,  from  whence  it  commenced  again  its  southerly  move- 
ment. In  1880  we  find  its  axis  about  one  mile  further  to  the  south,  and 
had  it  not  been  for  the  construction  of  the  south  jetty,  there  can  be  no 
doubt  but  that  it  would  have  repeated  its  previous  history  and  gradually 
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worked  its  way  to  the  extreme  southerly  position  it  occupied  in  1872. 
Oould  there  be  any  more  certain  indication  of  the  resultant  direction  of 
drift  than  is  shown  by  the  history  of  these  movements? 

The  effect  of  reaction  due  to  a  curved  form  of  jetty  will  next  be  con- 
sidered. Some  years  ago  (1878),  in  connection  with  a  survey  of  Brazos 
Biver,  Texas,  the  writer  made  a  number  of  careful  cross-sections  of  the 
stream  at  distances  apart  of  about  one  mile.  These  cross-sections  were 
eighteen  in  number,  and  a  comparison  of  them  gave  the  following  results: 

First. — The  average  width  of  the  river  was  7i  per  cent,  less  in  bends 
than  in  reaches. 

Second. — The  average  sectional  area  was  13^  per  cent,  greater  in 
bends  than  in  reaches. 

Third. — The  average  maximum  depth  was  58  per  cent,  greater  in 
bends  than  in  reaches. 

Fourth. — The  average  hydraulic  radius  was  24^  per  cent,  greater  in 
bends  than  in  reaches. 

Fifth. — The  average  ratio  of  the  maximum  depth  to  the  hydraulic 
radius  was  29  per  cent,  greater  in  bends  than  in  reaches. 

Sixth. — The  average  wetted  perimeter  was  6 J  per  cent,  less  in  bends 
than  in  reaches. 

It  Avill  thus  be  noted  that  while  the  average  width  and  wetted  peri- 
meter are  slightly  less,  the  sectional  area  is  greater  and  the  maximum 
depth  is  decidedly  greater  in  bends  than  in  reaches.  It  thus  becomes 
very  apparent  what  an  immense  advantage  the  reaction  principle 
possesses  in  deepening  channels,  and  it  would  seem  to  be  beyond  ques- 
tion that  the  same  j^rinciple  applied  to  the  form  of  a  jetty  or  wall,  where 
the  Avater  is  constrained  to  flow  along  the  concave  face  of  sitch  a  struc- 
ture, would  produce  results  greatly  in  excess  of  what  could  be  produced 
by  a  right  line  structure. 

In  conformity  with  this  principle,  the  writer,  in  1883,  designed  a 
curved  jetty,  in  place  of  the  proposed  straight  north  jetty,  in  connection 
with  the  improvement  of  Galveston  Harbor.  This  form  and  location  of 
the  north  jetty  gave  such  promise  of  immediate  and  sufficient  results, 
that  the  U.  S.  Engineer  officer  then  in  charge  of  the  work  proposed  its 
adoption,  in  his  annual  report  of  1881.  (See  Report  of  C.  of  E.  for  1884, 
part  2,  p.  1298;  also  chart  opp.  p.  13.) 

The  failure  of  the  appropriation,  however,  prevented  its  construction, 
and  hence  was  lost  to  science  this  opportunity  of  demonstrating  practi- 
cally the  truth  of  one  of  the  most  important  principles  in  the  problem 
of  the  improvement  of  harbors  on  sandy  coasts. 

Mr.  Haupt. — The  author  desires  to  add,  in  response  to  the  very 
interesting  contribution  from  Mr.  H.  C.  Eij^ley,  that  he  was  not  aware 
until  reading  this  paper  that  the  concave,  detached  breakwater,  dotted  in 
plan  on  the  charts  of  Galveston  Harbor  for  1884  and  called  there  "Col. 
Mansfield's  Jetty,"  was  due  to  Mr.  Rijjley,  the  able  civil  assistant  engi- 
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neer  who  has  been  connected  with  this  work  for  about  eighteen  years. 
This  jetty  the  writer  has  frequently  declared  to  be  the  best  part  of  the 
design,  yet  requiring  a  few  modifications  to  increase  its  efficiency.  Had 
it  been  constructed  first  the  $2  000  000  already  spent  on  the  south  jetty 
without  beneficial  eftect*  might  have  been  saved.  The  correctness  of  the 
reaction  principle,  however,  does  not  fall  from  lack  of  this  instance,  for 
there  are  other  concave  jetties  to  verify  its  truth,  notably  at  Swine- 
munde  and  other  Baltic  ports,  and  at  Bilbao,  Spain,  but  oiir  Govern- 
ment has  thus  far  failed  to  profit  by  them. 

*  Vide  Ex.  Doc,  H.  R.  464,  51st  CongresB,  page  15  et  teq. 
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ON    THE    DESIGNING    AND    ERECTION    OF    THE 
OAKLEY  ARCH.- 


A  FULL  CENTERED  OBLIQUE  CONSTRUCTION  OF  EXTREME  SKEW, 

TO  CARRY  A  RAILWAY  EMBANKMENT   OVER  ANOTHER 

DOUBLE  TRACK  RAILWAY. 


By  J.  FosTEB  CROWELii,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


This  paper  has  been  written  in  compliance  with  requests  from 
members  of  this  Society,  who  have  from  time  to  time  expressed  to  the 
author  a  desire  to  have  j^laced  in  permanent  form  an  exijositiou  of  the 
methods  pursued  in  its  design  and  execution. 

The  structure  is  notable  for  its  obliquity  of  42  degrees  30  minutes, 
which  is  about  the  most  unsafe  angle  to  which  a  semi-circular  arch 
can  be  applied,  security  being  attained  by  an  original  device,  and  also 
as  an  example  of  excellent  mechanical  execution  and  workmanship 
which  are  attested  by  the  series  of  photographs  taken  during  progress 
and  here  reproduced.     (Plates  XXXVI  to  XLIII. ) 

*  On  the  line  of  the  Cincinnati  and  Eichmond  Railroad  (Pennsylvania  System)  at  Oakley, 
9  miles  from  Cincinnati,  at  its  crossing  under  the  Biltimore  and  Ohio  Southwestern.  Built 
in  1887. 
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The  peculiar  difficulties  of  erection,  clue  to  situation,  treacherous 
natural  formation  and  necessity  of  maintaining  overhead  without 
interruption  the  heavy  traffic  of  a  rival  railroad,  presented  conditions 
somewhat  unusual  and  complicated,  and  it  may,  perhai:)S,  be  interesting 
to  follow  briefly  the  different  stages  (illustrated  by  the  progress  photo- 
graphs) before  taking  up  the  consideration  of  the  methods  employed  in 
designing  the  structure. 

Situation. 

The  Cincinnati,  Washington  and  Baltimore  Railroad  (now  the 
Baltimore  and  Ohio  Southwestern)  crosses  the  Duck  Creek  Yalley, 
near  Oakley,  Ohio,  on  an  embankment  from  30  to  40  feet  in  height. 
About  300  feet  from  the  western  end  of  the  embankment  is  a  stone  arch 
culvert  30  feet  in  diameter,  providing  passage  for  Duck  Creek.  The 
Cincinnati  and  Richmond  Railroad  was  located  on  the  west  side  of  the 
creek,  to  cross  diagonally,  at  a  grade  about  20  feet  lower  than  the 
Cincinnati,  Washington  and  Baltimore,  as  it  stood  at  that  time,  between 
the  culvert  and  the  end  of  e  ubankment.  On  the  south  side  of  th& 
embankment  the  crossing  did  not  extend  quite  to  its  end,  but  on 
the  north  side,  because  of  its  angular  direction,  it  was  contiguous 
to  the  natural  surface,,  and  cut  into  the  latter  a  few  feet  beyond.  (See- 
Plate  XXXVI.) 

Just  at  the  crossing  and  for  a  total  distance  of,  perhaps,  100  feet,  the 
grade  of  the  Cincinnati,  Washington  and  Baltimore  was  level,  being  a 
depression  with  a  1  per  cent,  gradient  of  considerable  length  rising  in 
each  direction.  It  was  desirable  to  raise  the  Cincinnati,  Washington 
and  Baltimore  grade  over  the  crossing  to  provide  sufficient  head-room 
for  the  Cincinnati  and  Richmond,  and  it  was  agreed  between  the  two 
companies  that,  as  it  was  contemplated  by  the  former  to  raise  the  grade- 
11  feet  still  higher  eventually,  so  as  to  take  out  the  dip,  the  new 
structure  should  be  constructed  of  sufficient  dimensions  to  support  a 
double  track  embankment  of  the  required  future  height,  although  the 
present  embankment  is  of  single  track  width. 

Apart  from  other  important  considerations,  economy  called  for  a 
masonry  arch,  and  after  thorough  comparison  of  the  relative  cost  and 
expediency  of  various  forms  of  construction  (see  note  at  end  of  this 
article),  a  semi-circular  skew-arch  was  determined  on,  the  barrel  of  brick^ 
foundation-walls,  bench-walls,  spandrels,  parapet,  qiioins  and  backing; 
of  stone. 
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Owing  to  the  arrangement  of  grades  on  the  Cincinnati,  Washington 
and  Baltimore,  before  referred  to,  it  had  been  the  pi'actice  to  pass  trains 
of  all  classes  over  this  spot  at  high  speed  in  both  directions  to  acquire 
momentum  for  the  opposing  grades,  as  train-men  say,  "making  the 
run  for  the  hill."  It,  of  course,  would  not  be  permissible  to  continue  to 
do  this  daring  the  jarogress  of  the  work;  but,  on  the  other  hand,  speed 
could  not  be  reduced  as  much  as  was  strictly  desirable,  without  causing 
considerable  delay  in  getting  under  way  again  on  the  grade,  and  as  the 
constructing  company  was  liable  for  all  damages  and  expense,  and  the 
other  comiDany  on  guard  against  any  avoidable  interference  with  its 
traffic,  it  was  necessary  to  adopt  a  system  of  temisorary  works  that 
would  safely  permit  of  a  fair  speed,  and  at  the  same  time  cause  as  little 
hinderance  as  possible  to  the  prosecution  of  the  work.  Furthermore,  it 
must  be  of  such  character  that  it  would  easily  ijermit  of  the  raising  of 
grade  during  the  progress  of  the  work  to  the  extent  necessary  to  clear 
the  crown  of  the  arch.  On  account  of  the  proximity  of  the  30-foot  arch 
culvert,  before  referred  to,  on  one  hand,  and  of  a  deep  cut  beginning  at 
the  western  end  of  the  embankment,  on  the  other,  it  was  not  possible 
to  make  a  comjalete  shift  of  the  Cincinnati,  Washington  and  Baltimore 
track,  so  as  to  clear  the  projected  work,  except  at  unwarrantable 
expense,  and  with  the  result  of  still  further  interfering  with  the  train 
movement;  it  was  practicable,  however,  to  swing  the  track  a  short 
distance  to  the  north,  and  this  was  availed  of  to  adopt  the  alternate- 
trestle  system,  which  was  so  successfully  used  throughout  the  work, 
that  although  the  Cincinnati,  Washington  and  Baltimore  management 
had  its  own  watchmen  employed  night  and  day  ready  to  detect  and 
report  any  signs  of  short-comings,  there  were  no  cases  of  delayed  trains, 
no  complaints  of  any  character,  and  no  accidents. 

It  is  proper  to  state  in  this  connection  that  while  the  Cincinnati, 
Washington  and  Baltimore  people  were  so  constantly  on  the  alert,  as  it 
was  their  duty  to  be,  they  invariably  extended  the  utmost  courtesy  and 
co-operation,  and  the  writer  takes  pleasure  in  this  opportunity  to 
acknowledge  esjaecially  the  kindly  offices  of  Mr,  C.  W.  Stone,  Master 
of  Road  of  that  Company,  who  was  most  dii-ectly  concerned. 

To  properly  handle  the  freight  trains  at  the  reduced  speed  a  helping 
engine  was  used,  and  this  expense,  borne  by  the  constructing  company, 
was  a  formidable  item,  not  due  however  to  the  manner  of  construction, 
but  resulting  from  the  unavoidable  conditions  of  grade. 
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The  length  of  Cincinnati,  Washington  and  Baltimore  track  to  be 
temporarily  suj^ported  was  200  feet,  and  as  the  entire  foundation  of  the 
arch  was  to  be  on  piling  it  would  not  have  been  possible  to  make  use 
of  trusses  for  temporary  works. 

The  first  trestle  was  on  the  center  line  of  the  main  track;  the  alter- 
nate trestle  was  parallel  to  it  on  the  north,  and  as  far  from  it  as  the  per- 
missible swing  of  the  main  track  made  possible;  a  switch  at  the  west 
end  of  the  swing  enabled  each  trestle  to  be  used  in  turn  as  a  sjjur  to 
unload  material. 

The  first  step  w^as  the  building  of  the  first  trestle  by  driving  with  a 
track  jDile-driver  three  lines  of  piles  directly  into  the  embankment,  one 
line  in  the  center  of  track  and  the  others  beyond  the  ends  of  the  ties 
and  as  far  out  as  the  machine  would  reach,  the  bents  being  spaced  16 
feet.     Owing  to  the  limited  height  of  the  guides  jjiles  of  sufficient  length 
to  reach  the  bottom  of  proposed  excavation  could  not  be  used,  but  by 
starting  them  in  holes  dug  for  the  purjiose  and  using  a  follower  they 
were  sent  as  deep  as  possible  and  penetrated  the  natural  surface  beneath 
the  embankment.  They  were  cut  off  about  3  feet  below  base  of  rail.  Caps 
12  X  12  inches  x  14  feet  long  were  then  drift-bolted  to  the  jjiles  at  right 
angles  to  the  track,  cross  trenches  being  cut  to  admit  them,  and  the 
shoulders  of  the  bank  cut  away  so  as  to  allow  double  stringers  or  balks, 
each  10  x  20  inches  x  32  feet  long,  to  be  placed  on  the  caps  just  outside 
of  the  ties,  but  without  being  secured.    The  stringers  were  made  of  this 
unusual  size  to  guard  against  yielding  in  case  of  some  pile  being  under- 
mined or  developing  a  defective  bearing  during  the  removal  of  the  em- 
bankment. They  were  arranged  to  break  joint  and  were  bolted  together. 
They  were  next  slipped   under  the  track-ties,  one  side  at  a  time,  and 
secured  to  the  caps.     Finally  the  track-ties  were  replaced  with  bridge- 
ties  secured  with  guard  timbers,  and,  the  track  being  now  on  the  trestle, 
the  work  of  excavation  and  removal  of  the  embankment  in  bencLes  jDro- 
ceeded.     Diagonal  and  horizontal  bracing  was  spiked  to  the  piles  as 
they  were  gradually  uncovered,  and  lagging  was  inserted  at  the  end  of 
each  bench  to  hold  up  the  exposed  faces  of  the  bank  (see  Plate  XXXVI). 
After  sufficient  of  the  bank  had  been  removed  the  excavations  for  the 
outlying  parts  of  the   foundations  were   begun  on  both  ends,  and  the 
bearing- j)iles  driven  for  the  structure.      This  work  was  carried  as  near 
to  the  track-trestle  as  was  deemed  safe  on  both  sides,  leaving  a  gap  to  be 
completed  later.     Besides  the  bearing-piles,  retainiug-piles  were  driven 
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on  the  bask  lines,  and  left  high  to  aid  in  holding  up  the  bank.  The  bear- 
ing-piles were  cut  oflf  2  feet  below  water  level  and  caijped  with  12  x  12- 
inch  grillage  in  two  directions,  halved  together  and  drift-bolted. 
The  spaces  between  piles  were  cut  out  and  filled  with  strong  concrete, 
well  rammed  and  carried  up  flush  and  full  to  the  upper  surface  of  grillage. 
Simultaneously  the  piles  for  the  alternate  trestle  were  driven  and  the 
caps  and  stringers  laid.  The  stone  footings,  laid  in  courses,  were  begun 
as  fast  as  the  gi-illage  was  ready  to  receive  them.  When  all  the 
foundations  that  could  be  reached  without  disturbing  the  track  trestle 
had  been  carded  up  to  the  ground  level,  the  track  was  swung  over  to  the 
alternate  trestle,  the  first  trestle  was  removed  and  the  gaps  previously 
left  in  the  foundations  were  filled.  The  alternate  trestle  continued  to 
be  used  until  the  arch  was  turned  for  a  sufficient  length  to  carrv  the 
main  track,  which  was  thereupon  shifted  back  and  the  trestle  finally 
removed.  The  centering  (see  Plates  XXXVIII,  XXXIX  and  XL)  was 
designed  to  carry  the  arch  and  its  load,  and  was  not  struck  until  some 
time  after  the  completion  of  the  entire  work. 

As  the  bench  walls  were  carried  up,  the  adjacent  jjarts  of  the  trestle 
were  supported  upon  them  by  "A  "  frames  and  braces,  which  were  cut 
off  at  each  successive  course,  and  the  embankment  was  back-filled  and 
rammed  in  layers,  so  that  while  the  arch  was  being  turned  there  was 
only  a  comparatively  short  length  of  trestle  in  service. 

Great  trouble  was  experienced,  as  was  to  be  exi)ected,  from  the  very 
faulty  natural  formation,  which  caused  frequent  slips  and  continuous 
Interruptions  to  the  work  on  the  foundations.  The  bed  of  the  creek 
valley  was  underlaid  with  quick-sand  on  hard  blue  clay.  Above  the  sand 
was  about  10  feet  of  alluvial  deposit  extending  back  to  the  hill-side,  into 
the  foot  of  which  the  west  foundation  extended.  The  hill-side  was  formed 
of  alternate  layers  of  blue  clay  and  dry  sand  ;  the  clay  being  very  hard 
and  difficult  to  work  when  dry,  and  very  slippery  and  treacherous  when 
wet.  The  difficulty  was  of  course  increased  by  the  weight  of  the  super- 
incumbent embankment  formed  of  similar  material,  and  by  its  constant 
tendency  to  slide.  A  remarkably  wet  season  added  to  these  causes, 
resulting  in  formidable  delays  and  expense. 

The  direct  supervision  of  the  work  and  the  carrying  out  of  the  plans 
were  in  charge  of  Mr.  M.  P.  Paret,  M.  Am.  Soc.  C.  E.,  Division  Engineer 
of  the  Cincinnati  and  Richmond  Company,  to  whom  and  his  assistants 
credit  is  due  for  successful  accomplishment. 
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The  Methods  of  Design. 

The  practical  methods  adopted  by  the  author  in  designing  this  arch 
are  valuable  because  of — 

a.  Their  simplicity  and  conciseness. 

h.  Their  dependence  upon  computations  and  not  upon  intricate 

and  difficult  drawings, 
c.  Their  reliability  and  interchecking  character.     Drawings  are 
desirable  in  amplification  for  explanatory  purposes,  for  con- 
venience of  reference  and  for  record,  and  reproductions  of  the 
full  set  used  in  this  case  are  here  given  (Plates  XLIV  to  L), 
but  they  are  simply  diagrams,  and  were  constructed  from  the 
computed  quantities  given  in  the  Tables  (1  to  4),  which  were 
calculated  and  verified  in  advance.     The  drawings  were  not 
used  by  the  mechanics,  full  sized  templates  readily  laid  down 
from  the  tables  being  furnished  them  by  the  engineers. 
The  methods  are  i^resented  here  without  theoretical  demonstration 
excepting  in  the  general  way  made  necessary  for  their  elucidation,  and 
the  results  given  in  the  diflerent  tables  are  the  actual  figures  used  in  the 
case  under  discussion.     The  necessary  working  formulas  are  stated  and 
equations,  reduced  to  their  simjDlest  form,  are  subjoined  to  the  tables. 
Those  who  desire  the  theory  are  referred  to  the  very  valuable  ' '  Essay  on 
Oblique  Bridges,  by  George  "Watson  Buck,  M.  Inst.  C.  E.,  with  addenda 
by  W.  H.  Barlow,  M.  Inst.  C.  E.,"  to  which  source  the  writer  is  indebted 
for  most,  though  not  all  the  steps  followed,  he  having,  previous  to  his 
knowledge  of  the  existence  of  the  above  work,  designed  and  erected  a 
skew  arch*  of  50  feet  span  with  heliocoidal  joints  carrying  a  double 
track  railway  embankment,  in  which  similar  practice  was  followed  ;  but 
he  none  the  less  desires  to  acknowledge  gratefully  his  obligation  to  Mr. 
Buck  for  the  very  simple  and  lucid  demonstrations  which  distinguish 
that  essay. 

Table  No.  I  is  made  up  of  data  and  derived  dimensions.     There  are 
five  governing  quantities  which  aifect  the  skew  construction. 

The  rectangular  diameter  of  the  intrados  at  the  springing  line. 

The  radius  of  the  intrados. 

The  depth  of  voussoirs. 

The  angle  of  obliquity,  being  the  acute  angle  between  face  and  axis. 

The  rectangular  wddth  of  the  structure  between  faces. 

*  See  "  The  Behavior  of  two  Brick  Arches,"  by  3.  Foster  Crowell,  Proceedings  of  Engi- 
neer's Club  of  Philadelphia,  Vol.  V,  No.  3,  November  21st,  1885. 
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As  we  shall  see,  all  other  dimensions  and  values,  both  actual  and 
developed,  are  derived  from  these  by  the  use  of  the  trigonometrical 
functions  and  the  equation  of  the  ellipse. 

TABLE   No.   1. 


Oaklet  Abch. 


Data  and  Debivzd  Dimensions. 


b 

A  B 
A  C 

nc 

.1  F 

M  C  I  < 


CD 
K 


Angle  of  obliquity 

Radius  of  cylinder 

ThickncBB  of  voussoirs 

External  width 

Direct  span 

Oblique  8i)an 

Obliqoily  of  arch 

Length  of  arc 


=  2  r  CO  sec.  e  =  28.  X  1.480187. 

=2rcot.  e=28    X  1.091310 

....  =  TT  r  =  14    X  3.U169 

T    .      1       .         ,  .         w  ^   ,      Cot.  e        1.09131 

Intradosal  angle tan.  if  CT  /=  — — 


1..5703 


I  42"  30' 

I  14.   Feet. 

2.167' 

64.167' 

28.0 

41.44 

30.5567 

43.9823 

.69475  =  tan.  p..!  34=47'2a" 


Extradosal  angle. 


r  +  « 


Un.  3 38»43' 


Twisting  rule  angle ~^  —  fi  (=38'  43'  —34'  47'  22"). 

Length  of  heading  spiral..  —  ir  r.,  sec.  0  =  43.982  X  1.217.5fil.. 

v       u        r  .j.u     <•        u  53.5499 

Number  of  voussoirs width  of  each  voussoir  = 


39 

Length  of  impost =  6  co  sec.  e  =  64.167  X  1.480187.... 

Divergence  of  courKcs =  6  co  sec.  d  sin.  p  =  80.177  '•'  .5704 

Number  of  voussoirs intersected  by  spiral  oflf  impost 

Number  of  courses of  brick  to  each  voussoir 

Cot.  '  e  1.09I3P 

Theoretic  eccentricity = (r  +  e)  =    .   ,,   ,    >C  16.167 


Also. 


>»  n    •   •   ■    1.6708 
=  14  X  Cot.  ©  ten.  ^  =  14  X  1.09131  X  .801629. 


3'S5-38" 
63.5499 

39. 

80.177 
45.733 
34. 
6. 

12.27 

12.27 


The  designating  letters  in  the  table  correspond  to  Figs.  1  and  2,  Plate 
LI,  a  description  of  which  is  necessary  before  proceeding  further. 

Fig.  1  is  a  2>lftn  aud  rectangular  section  of  the  iutrados,  showing  the 
limits  of  the  skew.  The  inner  surface  of  the  semi-cylinder  is  developed 
in  the  horizontal  plane  of  the  springing  line  without  reversion,  it  being 
assumed  tliat  the  surface  is  transparent  so  that  lines  on  its  under  side 
are  visible  in  their  true  relation  from  above.  The  parallel  lines  at  right 
angles  to  the  lines  joining  the  developed  terminations  of  each  face  are 
the  developments  of  helices  of  the  cylinder.  In  the  development  they 
are  right  lines  making  with  the  sides  of  the  cylinder  a  common  angle 
called  "  the  angle  of  the  iutrados." 

The  faces  of  the  iutrados,  which  are  bounded  by  vertical  planes  in 
their  true  ijosition,  are  in  their  development  reverse  curves,  the  ex- 
act determination  of  which  will  be  given  further  on,  under  the  head  of 
"Soffit  Development."  It  is  manifest  that  the  other  boundaries  of  the 
development  are  right  lines  in  the  same  plane.  AU  lines  which  in 
the  development  make  the  intradosal  angle  with   the   springing  line 
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become  helices  -when  restored  to  tlieir  true  position.  Such  of  the 
helices  as  intersect  the  face  at  joint  points  are  the  lines  of  sj^iral  joints 
in  the  intrados. 

Fig.  2  is  a  plan  and  section  of  the  extrados  with  the  development 
turned  back  and  reversed,  so  that  it  lies  "with  its  underside  ujDper- 
most  ;  this  being  done  to  avoid  obscuring  other  parts  of  the  plan. 
No  practical  use  is  here  made  of  the  extradosal  development,  it  being 
introduced  simply  for  illustration.  The  angle  cp,  or  the  "angle  of  the 
extrados,"  is  required  in  the  computation,  but  is  easily  obtained  trigo- 
nometrically  without  development. 

Fig.  2  also  shows  an  elliptical  section  of  the  intradosal  and 
extradosal  surfaces  revolved  into  the  plane  of  the  springing  line. 
Both  of  these  curves  are  true  ellipsi  and  require  to  be  accurately 
computed,  so  that  any  portions  of  them  can  be  laid  out  with  refine- 
ment in  full  size  as  may  be  required. 

Table  No.  2  gives  the  deduced  values  of  axial  dimensions  of  the 
intradosal  and  extradosal  ellipsi,  their  equations  and  rectangular  co- 
ordinates,   of  which  Plate   XL VI  is  the  working   record.      Upon  the 

TABLE  No.  2. 
Oakley  Arch.     Abcissas  and  Ordinates  for  Face  Ellipsi. 


Equation  for  Intradosal  Ordinates  v  =  — V^  a'^  —  x"-  =   (1^ =  .6757)  a/  20.72*  —  a;" 

"a  ^20.72  / 


Extradosal 


Vx 


"~     _  23.93 

Note  :    Values  of  x^  are  same  as  values  of  x  within  limits  of  x. 


Values    of 
X     and     Xj 

Values  of  y. 

Values  of  2/1 

Values     of 
X  and  Xj 

Values  of  y. 

Values  of  y^ 

Feet. 

Feet.  Inches. 

Feet.  Inches. 

Feet. 

Feet.  Inches. 

Feet. 

Inches . 

0 

14 

16         2 

16 

8        10^ 

12 

0^ 

1 

13        111 

16          IJ 

17 

8          Oi's 

11 

4,1 

2 

13        111 

16          \l 

18 

6        111 

10 

"^i 

3 

13        lOf^ 

16          OJ 

19 

5           7 

9 

m 

4 

13          8J 

15        ni- 

19.5 

4          8i 

9 

io| 

5 

13           4 

ls        ^ 

15          7| 

20 

3           7J 

8 

6 

13          5 

20.5 

2          o| 

8 

4 

7 

13          21 

15          6* 
15          2| 
14        111 

20-72 

0          0 

8 

12        11 

21 

7 

8| 

9 

12          7J 

21.5 

7 

"4 

10 

12     ^ 

11       io| 

14          8| 
14          41 

22.5 

6 

11 

22 

5 

6 

12 

11          AX 

13        llj 

23 

4 

5J 

13 

10       io| 

13          6f 

23.5 

3 

Oj 

14 

10          3« 

13          If 

23.75 

2 

0 

15 

9          7J 

12          1^ 

23.93 

0 

0 

Abcissas  are  measured  from  center.    See  record  plan,  Plate  XLVI. 
Ordinates  "         vertically  from  horizontal  axis. 
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pr02>er  delineation  of  these  curves  much  of  the  exactitude  of  the  ensuing 
work  depends.      The  next  step  is  to  lay  out  the  face  joints,  but  before 
doing  so,    it  will  be  necessary  to   compute   the    curves    of  the   soffit 
development  and  to  determine  the  number  of  ring-stones. 
The  Soffit  Development. 

Fig.  3,  Plate  LI,  represents  the  development  of  the  intersection  of 
one  face  with  the  soffit,  the  two  halves  of  the  curve  being  symmetrical, 
and,  of  course,  applicable  to  both  faces.  One  set  of  ordinate?,  therefore, 
answers  for  each  of  the  four  quadrants.  It  now  becomes  necessary  to 
show  how  this  development  is  to  be  obtained  without  projecting  it.  Let 
Aali,  Fig.  4,  be  the  half  of  a  semicircular  arch,  t'  e  obliijuity  of  which 
is  JiDC,  and  suppose  it  is  recpiired  to  produce  the  development  DeEhj 
means  of  ordinates  obtained  by  calculation. 

Let  the  arc  .17?  bo  divided  into  a  convenient  number  of  parts  and  its 
development,  UK,  into  the  same  number.  Suppose  '/  to  be  one  of  the 
divisions  of  the  arc  and  h  its  corresponding  division  in  the  development, 
such  that  Eb  =  An. 

Also  let 

AC,  the  radius  =  r.  Cc  =  r  sin.  f 

<^  AC-t       =  f  of  =  r  sin.  r  cot.  Q  =.  he 

<  CDB      =  (^  Eh  X  tan.  ft  =  hf 

<  BED     =  ft  be—b/=  fe 

Thus  having  found  a  sufficient  number  of  distances  /»;  correspond- 
ing to  divisions  of  the  arc  AB  or  to  its  development  BE,  and  conse- 
quently to  D/t/'also,  let  DEhe  divided  into  the  same  number  of  parts,  as 
shown  in  Fig.  3,  (Note. — In  practice  it  is  not  necessary  or  desirable  to 
make  the  parts  equal  throughout  the  whole  arc,  for  that  would  r.'sult 
either  in  an  insufficient  number  of  ordinates  at  the  sharpest  part  of  the 
curve,  or  an  unnecessary  number  at  the  flat  parts.  It  is  therefore  more 
convenient  to  arrange  them  in  several  groups,  each  group  consisting  of 
equal  parts,  with  corresponding  groujos  on  the  dL>veloi)ment  ) 

At  each  of  the  divisions  draw  the  ordinates /e,  Fig.  3,  making  all  the 
angles,  D/e,  each  equal  to  the  complement  of  BED,  which  is  the  intra- 
dosal  angle  before  treated  of,  and  upon  thes3  ordinates  set  off  the  dis- 
tances/is, as  previously  calculated;  then  the  curve  DeE,  drawn  through   ^ 
the  points  thus  obtained,  will  be  the  development  required. 

Only  one-half  the  development  is  shown,  because  the  ordinates  for 
the  second  half  are  e;[ual  to  those  on  the  first  half,  but  applied  on  the 
contrary  side  of  the  line,  BE. 
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TABLE  No.  3. 
Oakley  Akch.     Soffit  Development  :   Face  of  Akch. 


I. 

n. 

III. 

IV. 

V. 

VI. 

VII. 

Angles 
ACa 

Log.  Sin.  6 

Log. 
root.  eSin.  e 

Nat.  num. 
be. 

Values 
oft/. 

Ordinates 
e  or 

Abcissas  on 
Heading 

ore 

or  Log.  be. 

he—bf. 

Course. 

4    30 

8.894643 

.078719 

1.199 

.7639 

.435 

1.339 

9 

9.194332 

.378408 

2.390 

1.6278 

.862 

2.678 

13    30 

.368185 

.552261 

3.566 

2.2917 

1.274 

4.017 

18 

.489982 

.674058 

4.721 

3.055 

1.666 

5.355 

22    30 

.582840 

.766910 

5.847 

3.819 

2.028 

6.694 

27 

.657047 

.841123 

6.936 

4.583 

2.3.'53 

8.033 

30 

9.698970 

.883046 

7.639 

5.092 

2.547 

8.925 

33 

.736109 

.920185 

8.321 

5.601 

2.720 

9.817 

36 

.769219 

.953295 

8.980 

6.110 

2.870 

10  710 

39 

. 798872 

.982948 

9.615 

6.619 

2.996 

11.602 

42 

.825511 

1.009587 

10.223 

7.128 

3.095 

12.494 

4S 

9.849485 

1.U33561 

10.803 

7.639 

3.164 

13.388 

48 

.871073 

.055149 

11.354 

8.148 

3.206 

14.280 

61 

.890503 

.074579 

11.874 

8.657 

3.217  max. 

15.172 

64 

.907958 

.092034 

12.360 

9.167 

3.193 

16.066 

67 

.923591 

.107667 

12.813 

9.676 

3.137 

16.958 

60 

9.937531 

1.121607 

13.231 

10.195 

3.036 

17.850 

€3 

.919881 

.133957 

13.613 

10.695 

2.918 

18.746 

66 

.960730 

.144806 

13.957 

11.204 

2.753 

19.638 

69 

.970152 

.154228 

14.264 

11.713 

2.551 

20.530 

72 

.978206 

.162282 

14.531 

12.222 

2.309 

21.420 

74 

9.982842 

1.166318 

14.666 

12.562 

2.104 

22.020 

76 

.986904 

.170980 

14.824 

12  900 

1.924 

22.620 

78 

.990404 

.174480 

14.944 

13.240 

1.700 

23.200 

80 

.99.3351 

.177427 

15.046 

13.580 

1.466 

23.800 

81 

.994620 

.178696 

15.090 

13.750 

1.340 

24.098 

82 

9.995753 

1.179829 

15.1.30 

13.920 

1.210 

24.395 

83 

.996751 

.180827 

15.164 

14.090 

1.074 

24.692 

84 

.997614 

.181690 

15.194 

14.260 

.934 

24.989 

85 

.998344 

.182400 

15.220 

14.430 

.790 

25.286 

86 

.998941 

.1831)17 

15.241 

14.600 

.641 

25.683 

87 

9.999404 

1.183:80 

15.257 

14.770 

.487 

25.880 

88 

.999735 

.183811 

15.269 

14.940 

.329 

26.177 

89 

.999934 

.184010 

15.276 

15.110 

.166 

26.476 

90 

10. 

1.184076 

15.278 

15.278 

0.000 

26.775 

Note  — To  obtain  column  Illadd  to  log.  sin.  in  column  II  {  ^  ^' 


Log. 


=    1.146128) 
I  Log.  cot.  42°  30'r=  10.037948J 


constant  ,  i84076     ^^  column  V  are  the  proportionate  values  of  half  the  obliquity =15. 278  ft. 
Quantities  in  column  VI  are  ordinates  parallel  to  impost.    See  Kecord  Plan,  Plate  XLVI. 

Table  3  exhibits  the  method  of  api^lying  the  i^receding  princijjles 
and  the  use  of  the  formulae  eiven  above. 


Explanation  of  Table  No.  3. 

Column  I  contains  the  different  assumed  values  of  the  arcs  whoso 
ordinates  have  to  be  found,  beginning  with  a  group  of  variants  of  4  de- 
grees 30  minutes  (-jtr  of  quadrant),  followed  successively  by  groups  of  3, 
2  and  1  degree  variants. 

Column  II  contains  the  corresponding  logarithmic  sines  of  the  angles 
in  column  I. 
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Column  III. — The  numbers  in  this  column  are  the  logarithms  of  the 
lines  /le,  Fig.  3,  and  are  obtaineil  by  adding  log.  r  -\-  log.  cot.  O  to  each 
of  the  numbers  in  column  II. 
In  this  case 

log.  r  =  log.  14=  1.U6128 

log.  cot.  e  =  log.  cot.  42^  30'  =  10.037948 


log.  r  cot.  e=  1.18407G 

■and  this,  added  to  each  of  the  numbers  in  column  II,  produces  the  num- 
liers  in  column  III. 

In  column  IV  are  the  natural  numbers  corresponding  to  the 
logarithms  in  column  III. 

Column  y. — The  numbers  in  this  column  are  obtained  in  the  follow- 
ing easy  manner:  The  perpendiculars  h/,  Fig.  4,  divide  the  development 
J?£'l)roportionately  to  the  ilivisioiis  of  the  quadrant,  and  the  Uues /g, 
drawn  from  the  points  of  intersection/,  and  parallel  to  7?^  will  diWde 
JjD  in  the  same  ratio.  Now,  BD  is  half  the  obliquity  of  the  arch,  which 
has  been  before  found  to  be  30.556  (see  Table  No.  1),  therefore  BD  = 
15.278  and  the  other  values  of  A/"  are  proportional  to  the  respective  angles 
{  in  column  I,  as  will  be  evident  by  in.sjjectiou. 

Column  VI  consists  of  the  diflferences  in  columns  TV  and  V,  and  are 
the  values  of  the  ()rdinates/(?. 

In  column  VII  are  like  proportionals  of  half  the  heading  course  DF^ 
which  constitute  the  abcissas  Ef.  This  development,  in  order  to  be  of 
practical  utility,  mast  be  laid  down  of  the  full  dimensions. 

Plate  XLVI  is  the  working  record  of  this  computation. 

The  straight  line  DF  in  Fig.  3,  is  the  development  in  the  heading 

T)F 
spiral,  and  there  being  n  stones  in  the  entire  ring,  is  width  of  each 

stone  measured  on  the  intrados.  The  value  of  n  is  determined  by  two 
<;on.siderations;  first,  it  must  be  an  uneven  number  if  it  be  desired  to 
have  a  central  keystone;  and  second,  it  must  give  stones  of  convenient 
size  for  working.  If  the  entire  soffit  were  to  be  made  of  stone  it  would 
now  become  necessary  in  most  cases  to  adjust  the  intradosal  angle  and 
its  functions  so  that  the  spiral  shall  intersect  both  faces  at  the  exact 
lines  of  joints.  But,  when  bricks  are  used  the  extreme  variation  can 
never  exceed  half  the  thickness  of  one  brick,  or  say,  Ij-inches,  so  that  it 
is  not  worth  while  to  make  the  adjustment  in  the  computation,  the 
slight  divergence  being  nnnoticable  and  easily  made  practically  inlaying 
out  the  spirals.  It  is  necessary  to  make  the  width  of  stone  equal  to  a 
definite  number  of  courses  of  brick;  in  this  case  six  courses  were  taken. 
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making  the  width  of  each  stone  1.373  feet  and  the  number  of  stones 

53.55 

■■   '  „  =  39.     The  parallel  lines  at  right  angles  to  the  heading  spiral  in 

Plate  XL VI  are  the  developed  coursing  spirals,  and  the  portions  of  the 
soflfit  development  included  between  any  two  spirals  are  the  develop- 
ments of  the  face  edges  of  the  stones. 

Laying  Out  the  Face  Joints. 
Because  the  intradosal  ellipse,  Fig.  5,  coincides  with  the  soffit  face 
and  equals  it  in  length  it  follows  that  the  lengths  of  the  latter  included 
between  the  coursing  spirals  are  respectively  the  lengths  of  the  faces 
measured  on  the  ellipse,  and  the  joint  points  1,  2,  3,  etc.,  Fig.  5,  can 
thus  be  set  off  directly.  The  directions  to  be  given  to  the  face  joints 
require  further  considera'ion.  If  the  extradosal  surface  were  to  be  de- 
veloped in  like  manner  other  points  could  be  similarly  found  in  the 
extradosal  ellipse,  and  intermediate  points  could  also  be  obtained  by 
intermediate  developments,  and  it  would  be  found  that  the  joints  would 
theoretically  not  be  straight  lines  in  the  face,  but  curves  of  very  light 
degree  ;  it  would  alsj  be  found  that  the  chords  of  these  curves  would,  if 
produced,  all  intersect  in  a  point  below  the  center  of  the  true  circle, 
called  the  point  of  eccentricity  ;  its  distance  dei^ending  on  the  angle  of 
obliquity,  being  termed  the  theoretic  eccentricity,  is  obtained  from  the 
following  equations: 

CO  (Fig.  5.)  =  — — ^ (r  -|-  e)  or  in  this  case 

The  curvature  of  the  joints  being  exceedingly  light  the  chords  practically- 
coincide  with  the  arcs  within  the  limits  of  the  stone,  and  it  is  therefore 
only  necessary  to  lay  off  the  distance  GO  and  from  the  point  0  draw 
right  lines  through  the  points  1,  2,  3,  etc.,  for  the  face  joints. 

The  Angles  between  the  Face  and  Coursing  Joints. 

The  most  delicate  and  difficult  part  of  the  mechanical  execution  is 
the  exact  cutting  of  the  angles  between  the  face  and  coursing  joints, 
there  being  two  different  angles  to  each  face  stone,  the  angle  on  the 
right  hand  of  one  stone  being  the  left  hand  angle  of  the  adjacent 
stone. 

Whenever  the  stones  are  cut  at  the  bridge  site  there  is  no  practical 
difficulty  in  obtaining  the  angles,  as  will  be  seen,  and  it  is  recommended 
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that  this  should  always  be  done;  even  if  it  is  desirable  to  cut  the  other 
parts  of  the  stone,  at  the  quarry  or  elsewhere,  the  faces  should  be  left  in 
the  rough  and  cut  just  before  setting. 

In  this  case  the  angles  were  computed  and  used  in  making  up  the 
table  of  quarry  dimensions  (Plate  XLVII)  by  which  the  stones  were  got 
out  in  the  rough,  but  the  exact  angles  were  measured  before  final 
cutting  by  the  use  of  a  bevel  gauge  or  shifting  stock  devised  by  Mr. 
McCoiinel,  one  of  the  engineering  assistants  on  the  work,  and  applied  as 
follows: 

The  centers  having  been  set,  the  lines  of  the  coursing  spirals  were 
marked  out  ui)ou  them  and  also  the  line  of  the  faces  ;  in  the  plane  of 
the  face  a  tack  was  driven  in  the  point  of  eccentricity  before  described. 
Augur  holes  pointing  towards  the  jjoint  of  eccentricity  were  bored 
through  the  lagging  at  the  points  where  the  coursing  spirals  intersected 
the  line  of  face  ;  a  cord  was  then  stretched  taut,  pa.ssing  through  and 
connecting  the  two  points  and  i)rojecting  beyond  the  lagging  ;  the 
shifting  stock  was  tlien  set  to  the  angle  formed  by  the  cord  and  the 
coursing  spiral  on  the  lagging  whicli  was  the  angle  re(iuired  for  that 
joint  ;  the  shifting  stock  was  then  clamped  and  the  angle  transferred  to 
the  stone. 

In  order  to  obtain  the  angles  by  comiiutation  for  use  at  the  quarry, 
the  following  method  (see  Table  i)  was  used. 

Fig.  0  (Plate  LII)  is  a  graphic  representation  of  the  angle  to  be 
computed.     Fig.  7,  a  diagram  illustrating  the  method. 

0 n  is  the  half  arch  on  the  square,  »•  a  being  the  radius,  r;  7-s  =  r  x 

7' 

sin.  </>,  r  y  =^  r  cos.  <P  tan.  O,  y  c  =  radius  of  osculatory  circle  —. g— r- 

14 

=  in  this  case     .„   .,   =  43.  + 
.  o  <  U  - 

From  the  points  a  in  the  semicircle  of  arch  corresponding  to  joint 
points  draw  lines  a  r  to  the  center,  making  the  angles  y,  being  equal 
divisions  of  the  tiuadrantal  angle.  With  r  s  as  a  radius  describe  the 
arc  rg,  from  a  drop  perpendicular  a  p;  from  a'  draw  a'  a"  parallel  to 
r  0,  and  perpendicular  a'  d. 

Now,        a'  d  =  I's  X  sin.  X  =  y,    rp  =  r  X  cos.  X  =  x. 

X 

tan.  a    w  w  =  — ; — 

y  -f-  constant  r  y. 

Table  4  contains  the  values   obtained   from   above  equations   and 

requires  no  further  explanation. 
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TABLE  No.  4. 
OAKiiEY  Arch.     Determination  of  the  Angles  of  Face  and  Coursing^ 

Joints. 


1 
<  o 

£ 
"5 
a 

PI '5 

Log.  Sin. 
A 

+  Log. 

8.755, 

or 

0.942256 

Nat. 
nums. 

Y 

Log.  COS. 

+  Log.  14 

or 
1.146128 

Nat. 
nums. 

X 

o 
+ 

Nat.  tan.  Face 
Angles   with 
vertical. 

in 

a 
<! 
<o 
o 

4 

37 

8.905736 

—1.847992 

.705 

9.998589 

1.144717 

13.955 

10.715 

1.3024 

52  29 

9 

14 

9.205354 

.147610 

1.404 

.991336 

1.140467 

13.819 

11.414 

1.2107 

50  26 

13 

51 

9.379089 

.321345 

2.095 

.988489 

1.134617 

13.634 

12.105 

1.1263 

48  24 

18 

28 

9.500721 

.442977 

2.773 

9.977041 

1.123169 

13.279 

12.783 

1.0389 

46  06 

23 

05 

.593363 

.535619 

3.432 

.963757 

1.109885 

12.880 

13.442 

.9582 

43  47 

27 

42 

.667305 

.609561 

4.069 

.947136 

1.093264 

12.389 

14.079 

.8799 

41  21 

H'i 

19 

.728027 

.670283 

4.681 

.926911 

1.073039 

11.831 

14.691 

.8053 

38  51 

36 

56 

.778792 

.721048 

5.261 

. 902729 

1.048857 

11.191 

15.271 

.7329 

36  14 

41 

33 

9.821693 

.763949 

5.807 

9.874121 

1.020-249 

10.480 

15.817 

.6626 

33  32 

46 

10 

.858151 

.800407 

6  316 

.810459 

.9*6587 

9.695 

16  3-26 

.5938 

30  42 

50 

47 

.889168 

.831424 

6.783 

.800892 

.947020 

8.852 

16.793 

.5271 

27  48 

56 

24 

.915472 

.857728 

7.207 

.754229 

.900357 

7.950 

17.217 

.4620 

24  48 

60 

01 

.937604 

.879860 

7.583 

.698532 

.844660 

6.993 

17.593 

.39H0 

21  42 

64 

38 

9.955969 

.898-225 

7.911 

9.631859 

.777987 

5.997 

17.921 

3346 

18  30 

69 

15 

.970874 

.913130 

8.1b7 

.549360 

.695480 

4.960 

18.197 

.2726 

15  15 

73 

6'2 

.982551 

.924807 

8.411 

.443847 

.589975 

'  3.892 

18.422 

.2113 

11  56 

78 

29 

.991167 

.933423 

8.579 

.300276 

.446404 

2.795 

18.589 

.1503 

8  33 

83 

06 

.996843 

.939099 

8.692 

.079676 

.225804 

1.682 

18.702 

.0899 

5  08 

87 

43 

9.999655 

.941911 

8.748 

8.600332 

—1.746460 

.558 

18.758 

.0297 

1  42 

The  actual  face  angles  are  deduced  by  subtracting  the  angles  y  from 
90  degrees  for  the  acute  side,  and  adding  the  same  angles  to  90  degrees 
for  the  obtuse  side,  and  adding  in  each  case  the  angle  formed  between 
the  tangent  of  the  oscillatory  circle  and  its  chord  of  the  length  of  the 
stone  along  the  coursing  joint,  as  given  in  table,  which  is  simjaly  a 
continuation  of  the  process  from  the  preceding  table. 
TABLE  No.  4:— Continued. 
Oakley  Arch.     Angles  of  Face  and  Coursing  Joints, 


No.  of 
Joint. 

From  Table  No.  4. 

Acute 
Angles. 

No.  oi 
Joint 

From  Table  No.  4. 

Obtuse 
Angles. 

o     o 

»     o 

o       » 

^ 

o 

o 

1 

90  —  52 

29  +  3 

40   31 

38 

52 

29  +  90  +  3 

145 

^z9 

2 

90  —  50 

26  +  3 

42   34 

37 

50 

26  +  93 

143 

26 

3 

90  —  48 

24  +  3 

44   36 

36 

48 

24  +  93 

141 

24 

4 

90  —  46 

06  +  3 

46   54 

35 

46 

06  +  93 

139 

06 

5 

90  —  43 

47  +  3 

49    13 

34 

43 

47  +  93 

136 

47 

6 

90  —  41 

21  +  3 

61   39 

33 

41 

21  +  93 

133 

21 

7 

90  —  38 

51  +  3 

54   09 

32 

38 

51  +  93 

131 

51 

8 

90  —  36 

14  +  3 

56   46 

31 

36 

14  +  93 

129 

14 

9 

90  —  33 

32  +  3 

59   28 

80 

33 

32  +  93 

126 

32 

10 

90  —  30 

42  +  3 

62   18 

29 

30 

42  +  93 

123 

42 

11 

90  —  27 

48  +  3 

65   12 

28 

27 

48  +  93 

120 

48 

12 

90  —  24 

48  +  3 

68   12 

27 

24 

48  +  93 

117 

48 

13 

90  —  21 

42  +  3 

71    18 

26 

21 

42  +  93 

114 

42 

14 

90  —  18 

30  +  3 

74   30 

25 

18 

30  +  93 

111 

30 

15 

90  —  15 

15  +  3 

77   45 

24 

15 

15  +  93 

108 

15 

16 

90  —  11 

66  +  3 

81   04 

23 

11 

56  +  93 

104 

66 

17 

90—8 

33  +  3 

84   27 

22 

8 

33  +  93 

101 

33 

18 

90—5 

08  +  3 

87    52 

21 

5 

08  +  93 

98 

08 

19 

90—1 

42  +  3 

91   18 

20 

1 

42  +  93 

94 

42 

See  Record  Plan,  Plate  XLYI. 
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We  have  now  all  necessary  dimensions  for  the  templates  for  the 
soffits  and  faces,  for  which  there  will  be  one  each  for  one-quarter  of  the 
whole  number  of  stones  in  both  faces,  and  for  laying  oflf  the  face  angles, 
which  may  be  doue  either  by  templates  or  with  shifting  stock  as 
prefen-ed.  It  is  to  be  borne  in  mind  that  with  the  exceiJtion  of  the 
variations  produced  by  the  faces  all  the  stones  on  the  intrados  are 
governed  by  the  same  rules  and  vary  only  in  length. 

Method  op  Working  the  Stones. 

Because  the  depth  of  a  stone,  or  the  breadth  of  its  bed,  invariably 
measures  considerably  more  than  its  width  on  the  soffit,  it  is  the  better 
way  to  begin  by  working  the  former. 

The  beds  are  portions  of  a  spiral  surface,  and  it  may  assist  the  im- 
agination in  conhideiing  its  relations  to  remember  that  they  are  the  only 
spiral  surfaces  in  the  stone;  they  ('orresi;)ond  to  t'le  working  surfaces  of 
the  thread  of  a  square-cut  screw.  We  ii  ay  conceive  of  this  spiral 
surface  as  being  made  up  of  the  successive  positions  of  a  right  line 
moving  horizontally  at  a  uniform  rate  along  the  axis  of  the  cylinder  of 
the  arch,  with  one  end  always  in  contact  with  the  axis  and  the  other,  or 
outer  end,  moving  around  the  surface  of  the  cylinder  also  at  a  uniform 
angular  rate.  Every  position  of  the  right  line  is  in  a  vertical  plane  at 
right  angles  to  the  axis.  The  right  line  itself  is  vertical  at  the  crown 
and  horizontal  in  the  case  of  a  semicircular  arch,  at  the  springing  lines. 
The  rate  of  the  angular  variation  to  the  horizontal  motion  is  the  degree 
of  the  spiral,  and  is  measured  by  the  intradosal  angle.  The  ratio 
being  constant,  any  portion  of  the  surface  so  generated  would  be  the 
counterimrt  of  any  other  portion,  or  in  other  words,  the  spiral  surfaces 
of  all  the  stone-;  are  exactly  alike  for  equal  lengths. 

The  successive  jiositious  of  the  generating  right  line  have  an  angular 
relation  dependent  upon  their  horizontal  distance  apart.  This  variation 
is  technically  termed  the  "twist,"  and  it  is  evident  that  the  twist  for 
any  given  length  would  be  the  twist  for  an  equal  length  in  any  other 
part  of  the  spiral,  no  matter  what  its  position  in  sjiace  might  be.  It  is 
also  evident  that  as  the  twist  is  measured  by  the  central  angles,  its 
amount  at  any  part  of  the  surface  is  a  function  of  the  radial  length,  and 
that  if  we  are  dealing  with  a  part  of  the  surface,  included  between  the 
intradosal  and  extradosal  cylinders,  the  amount  of  twist  is  the  difference 
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between  the  functions  of  their  respective  radii,  or  in  other  words,  the 
difference  between  the  intradosal  and  extradosal  angles  is  the  angle  of 
twist  S  or  wind  of  the  bed,  when  applied  with  consideration  to  respec- 
tive lengths  of  the  intradosal  and  exti'adosal  spirals. 

The  mode  of  obtaining  the  winding  beds,  as  such  spiral  surfaces  are 
called,  is  familiar  to  workmen,  and  is  done  by  placing  two  rules  (Figs.  8 
9  and  10,  Plate  LIII)  or  straight  edges,  one  of  which  has  its  edges  parallel 
and  the  other  diverging,  at  a  determinate  distance,  and  then  each  is  sunk 
into  a  draft  in  the  stone  until  their  upper  edges  are  in  one  plane,  when 
the  under  edges  will  be  in  the  winding  surface  or  bed.  This  done,  the 
superfluous  parts  of  the  stone  on  the  other  parts  of  the  bed  are  dressed 
off  until  a  straight  edge  applied  from  one  draft  to  the  other,  and  in  contact 
therewith,  being  always  kept  jDarallel  to  the  soffit,  shall  in  every  i^art  of 
the  bed  coincide  with  the  surface  thereof.  It  is  worthy  of  note  that  this 
involves  no  more  work  than  if  the  bed  was  a  plane. 

In  order  that  the  workmen  may  not  be  liable  to  mistake  in  applying 
these  rules,  and  to  obviate  the  necessity  of  measuring  the  divergence, 
they  are  connected  by  light  iron  rods  with  a  hook  at  one  end  dropjjing 
nto  a  staple  and  with  an  eye  at  the  other.  These  rods  being  of  com- 
puted lengths,  must  always  give  the  proper  radiation  and  be  used  in 
correct  relation,  the  hooks  being  on  the  parallel  rule  and  the  fixed  eyes 
on  the  beveled  one. 

The  formulas  for  finding  the  radiation  between  the  rules,  and  for  the 
divergence  of  the  sides  of  the  bevel  rule,  dependent  on  the  foregoing 
principles,  are  as  follows,  wherein 

I     is  distance  (arbitrary)  between  rules  at  small  end  of  bed. 

/3    angle  of  intrados  (Table  I). 

(p   angle  of  extrados. 

6    =(P  —  /3. 

-..  .  1    ,  1        ^       ^  T        J        sec.    (p  cos.  d 

L    =  distance  between  rules  at  outer  end  =  ^  X  ~, 

sec.  p 

d    =  difference  in  width  of  bevel  rule  =  /^  X  tan.  d, 

In  this  case  /  =  36  inches,  l^  =37.80  inches,  d  =  2.6  inches. 

This  pair  of  rules  is  applicable  to  every  stone  in  the  arch,  and  would 
be  as  well  if  the  entire  arch  was  of  stone. 

One  bed  having  been  worked,  the  soffit  miist  next  be  obtained  from 
it,  and  to  effect  this  the  "saddle-mould,"  Figs.  12  and  13,  is  used.  As 
this  device,  although  so  simple,  accurate  and  reliable,  is  not  generally 
known,  instructions  for  making  it  are  here  given.     Prepare  two  wooden 
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moulds,  as  shown  in  Fig.  11,  wliere  AG  is  the  radius  of  the  cylinder, 
and  DB  is  its  thickness  or  dejith  of  voussoirs. 

The  stock  of  the  mould  must  be  made  to  fit  the  arc  of  the  cii'cle  of 
the  soffit  and  may  be  of  any  convenient  length,  preferably  as  long  as 
the  stone  is  to  be  wide,  or  a  little  longer.  BD  is  made  equal  to  the 
depth  of  voussoirs,  with  both  edges  radiated  to  the  center.  These  two 
moulds  should  then  be  turned  back  to  front  and  framed  together  as 
represented  in  the  per8pecti\eFig.  12  and  in  bottom  plan  in  Fig.  13,  being 
so  placed  tliat  the  angle  ACB  shall  equal  the  complement  of  the  angle 
of  the  intrados.  This  being  done,  the  edges  of  the  two  blades  BD  and 
CE  will  exactly  coincide  with  the  spiral  bed  of  the  stone  already  worked 
bv  the  twisting  rules,  and  the  stone  being  placid  with  its  soffit  side 
uppermost,  let  the  saddle-mould  be  inverted  and  ai)plied  with  its  blades 
in  contact  with  the  worked  bed  and  the  curved  strip  BC,  lying  along  the 
soffit  of  the  bed,  as  shown  in  Fig.  13.  Then  let  a  line  be  drawn  on  the 
stone  along  the  stock  AC,  and  this  lint',  so  drawn,  will  be  at  right  angles 
to  the  axis  of  the  cylinder.  Let  another  line  be  drawn  along  the  side 
AB  i^iirallel  to  the  axis  of  the  cylinder.  Remove  the  .saddle  and  let  chisel 
drafts  be  sunk  in  the  soffit  on  the  line  CA,  to  fit  the  curve  of  the  stock, 
and  also  on  AB  (which  will  be  perfectly  straight),  to  tit  the  side  AB,  so 
that  when  sunk  to  the  proper  depth,  the  saddle  on  being  re- applied  with 
its  blades  to  the  previously  worked  bed,  and  the  diagonal  curved  strip 
to  the  arris  of  the  soffit,  the  stock  CA  and  the  side  AB  shall  all  be 
exactly  in  contact  in  every  i)art  at  the  same  time. 

Two  segmental  pieces,  each  as  long  as  CA  and  of  same  radius,  are 
used,  one  to  ajiply  to  draft  ^ICand  the  other  upon  a  line  GIF,  Fig.  13, 
drawn  at  a  convenient  distance  and  jjarallel  with  their  centers  on  the 
line  IK.  The  second  segment  is  then  sunk  in  a  chisel  draft  until  its 
upper  edge  is  out  of  wind  with  the  first  segment.  This  being  done,  the 
superfluous  stone  on  the  soffit  is  dressed  oflf  until  a  straight-edge  appUed 
parallel  to  AB  coincides  with  the  soffit  in  all  parts. 

The  other  arris  DF  of  the  soflit  should  then  be  gauged  and  knocked 
oflf  parallel  to  LM,  and  then  the  saddle  turned  about,  and  by  reversing 
the  former  procedure  the  other  bed  is  cut.  The  ends  of  all  voussoirs 
except  those  forming  the  face  are  worked  square  on  the  soffit,  and  the 
other  parts  of  the  ends  of  the  stones,  technically  called  the  heading 
joints,  must  be  worked  to  fit  the  radiation  of  the  blades  of  the  saddle- 
mould  where  the  entire  arch  is  of  stone. 
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The  saddle-moulcl  is  applicable,  like  the  tAvist-rules,  to  every  stone 
in  the  arch,  and  one  mould  will  be  sufficient  for  the  use  of  a  number  of 
stonecutters.  Plate  XLIII  is  an  enlarged  view  of  the  mould  in  use,  and 
the  segment  blades  and  twist- rules  may  also  be  seen. 

After  the  beds  and  soffit  are  cut  it  is  only  necessary  to  apply  the 
proper  face  angles  to  each  bed  after  having  marked  oif  the  soffit  face  by 
means  of  its  template.  The  remainder  of  the  stone-cutting  for  the 
rings  contains  no  unusixal  features.  Plate  XLIII  shows  a  specimen 
stone. 

The  Impost  and  Saw  Teeth  Skew  Backs. 

Where  stone  is  used  throughout  the  soffit  the  impost  is  so  cut  as  to 
l^roject  into  the  curve  of  the  arch  sufficiently  to  intercept  one  width  of 
voussoir.  When  brick  is  used  two  ways  are  oj^en  :  either  to  project  the 
impost  as  before  to  intercept  as  many  courses  as  the  ring  stones  head, 
or  to  cut  individual  checks  in  the  impost,  one  for  each  course  of  brick. 

Where  the  obliquity  is  not  too  great  and  the  necessary  overhang  not 
beyond  the  limits  of  conveniently-sized  stone,  the  former  plan  recom- 
mends itself. 

In  this  case,  however,  it  was  deemed  better  to  use  individual  checks; 
Plate  XLIX  shows  their  arrangement.     See  also  Plate  XXX VIII. 

They  are  easily  designed  by  use  of  the  intradosal  angle. 

Locking  the  Lower  Eing  Stones. 

It  is  evident  from  inspection  that  the  beds  of  the  lowermost  ring- 
stones  on  the  left-hand  side  of  this  arch  (see  Plate  XLI)  are  so  inclined 
to  the  horizon  that  they  would  have  a  tendency  to  slide  out,  and 
that  the  elevation  at  which  this  tendency  disappears  is  quite  con- 
siderable. Without  going  into  the  analytical  discussion,  which  ia 
too  lengthy  for  this  paper,  it  may  be  stated  that  the  point  above  which 
theoretic  stability  exists  is,  in  this  case,  at  a  distance  above  the  sjiringing 
line  =  to  r  sin.  20°,  approximately.  This  practically  involves  the  first 
five  ring  stones,  and  is  met  by  two  devices.  The  first  consists  of  eye- 
bars  inserted  between  the  stones,  to  which  they  are  secured  by  iron 
dowels,  and  extending  back  12  feet  into  the  brick-work,  where  they  are 
anchored.  The  object  of  these  is  chiefly  to  temporarily  secure  the 
stones  during  construction  and  until  the  masonry  has  become  coherent. 
The  principal  reliance  is  upon  an  original  device  by  which  the  wing 
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■walls  are  made  to  act  as  buttresses  bv  means  of  locking-stones  which 
extend  into  the  wing  walls  and  are  interposed  in  front  of  the  ring 
stones.  The  ends  of  the  imposts  are  carried  out  square  to  obtain 
additional  strength  and  size  for  the  locks.  This  arrangement  is  plainly 
seen  in  the  face  views  of  the  arch,  Plates  XLI  and  XLV,  and  is  shown 
also  in  the  ground  plan  Plates  XLY  and  XLIX,  and  in  the  diagi-ams  of 
stones  1  and  2,  Plate  XLVII.  The  similar  construction  on  the  obtuse 
side  is  resorted  to  for  harmony,  but  is  not  there  required.  The  locks 
terminate  well  above  the  danger  point.  By  their  use  the  face  stones 
cannot  slide  without  displacing  the  wing  walls. 

The  first  stone  on  the  left  of  the  face  marked  No.  1  on  the  diagram 
sheet  required  some  special  cutting,  but  as  it  is  simply  a  combination  of 
face  and  impost  in  one  block  and  involves  uo  special  principles  of 
stereotomy  it  need  not  be  further  described. 

Laying  Out  the  Coursing  Spirals. 

Plate  XLVIII  is  a  diagram  showing  one  complete  spiral  of  the  in- 
trados  with  ordinates  of  points  of  its  true  position,  referred  to  the  vertical 
plane  passing  through  three  points,  which  are  its  intersections  with 
the  two  springing  lines  and  the  element  of  the  cylinder  at  the  crown. 
The  horizontal  projection  of  the  spiral  being  a  curve  of  sines,  the  com- 
putation is  a  simple  one.  The  intermediate  points  to  which  they  apply 
can  be  set  off  on  the  lagging  of  the  centers  by  means  of  a  transit  instru- 
ment set  in  the  vertical  plane  and  plumbing  or  squaring  down  to  the 
cylindrical  surface.  Any  spiral  can  be  set  in  this  way,  it  being  only 
necessar}-  to  fix  its  intersection  on  the  crown. 

The  heading  spirals  may  be  laid  off  in  a  similar  manner  if  desired, 
though  scarcely  necessary  in  the  case  of  brick  work. 

Plato  XLIX  shows  the  horizontal  ijrojections  of  both  coursing  and 
heading  sjiirals.  By  applying  a  flexible,  narrow  straight-edge  to  any 
two  points  in  the  spiral  on  the  lagging,  and  bringing  the  straight-edge 
into  continuous  contact  with  the  lagging,  the  full  curve  can  be 
traced  on  the  lagging  with  the  utmost  nicety  and  exactitude,  and 
this  should  be  done  at  frequent  intervals  so  that  the  brick  joints 
can  be  made  to  conform  throughout  to  the  theoretical  curves,  Plate  L. 
To  seciare  an  accurate  cyliudrical  surface  the  planks  for  the  lagging 
should  be  run  through  a  forming  machine  to  give  them  the  proper 
convexity. 
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Note  by  the  Authok. 

It  is  interesting  in  this  connection  to  consider  the  relative  cost  of 
the  skew  construction.  Before  adopting  this  form  comijarisons  were 
made  with  others  which  might  be  used. 

One  plan  considered  was  to  make  a  square  ended  arch  with  face 
ramps  extending  up  on  the  right  hand  sides  to  meet  the  slope  line  of 
embankment.  This  would  have  involved  a  lengthening  of  the  left-hand 
impost  and  a  material  increase  in  height  and  dimensions  of  the  wing 
walls,  besides  the  additional  masonry  on  the  ramps.  Another  plan  was 
to  lengthen  the  barrel  and  use  a  skew  sufficiently  slight  to  Justify  square 
joints.     A  third  was  to  use  oflfsetted  ribs. 

The  result  of  the  comparison  showed  a  material  economy  in  expense 
in  favor  of  the  adopted  plan.  The  allowances  made  to  the  contractor 
for  extra  cutting  on  the  imi^osts  and  wing  stones,  for  a  superior  quality 
of  stone,  for  extra  labor  on  centers  and  for  other  incidentals,  made  a 
total  increase  of  cost  in  the  masonry  item  of  about  50  cents  per  cubic 
yard,  making  it  cost  a  very  little  more  than  $10.50,  $10.00  being  the 
price  paid  on  the  same  section  for  first-class  straight  work. 

In  either  of  the  make-shifts  proposed  the  cost  of  the  additional 
quantity  of  masonry  and  piling  foundation  necessary  would  have  largely 
exceeded  the  extra  price  paid,  which  was  somewhat  greater  than  it 
otherwise  should  have  been  on  account  of  the  difficulty  of  working  in 
such  close  quarters.  In  ordinary  cases  of  average  dimensious,  with  no 
restrictions  such  as  there  were  here,  it  is  a  reasonable  expectation  that 
the  average  cost  per  yard  of  the  entire  masonry  in  a  skew  construction 
will  be  increased  by  from  three  to  four  per  cent,  by  the  heliocoidal 
treatment. 

Any  make-shift  adopted  to  avoid  departure  from  straight  joints,  even 
the  very  primitive  one  of  reducing  unit  pressures  by  thickening  the 
arch,  will  generally  cause  an  increase  in  quantities  largely  in  excess  of 
this  percentage  ;  so  that  there  is  true  economy  as  well  as  theoretic 
security  in  the  scientific  method.  There  are  many  cases  of  slight  skew 
w^here  it  is  not  worth  while  to  deviate  from  straight  joints  simisly 
because  they  are  well  within  the  permissible  angular  limit.  As  au 
example,  the  author  designed  and  erected  the  Montgomery  Arch,  also 
on  l^the  Cincinnati  and  Richmond,  of  same  dimensions  as  the  Oakley 
Arch,  but  whose  angle  of  obliquity  was  68°  (skew  22°)  where  straight 
joints  were  adopted. 
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There  is  no  record  of  the  early  oblique  arches.  The  period  wli^n  they 
■were  first  introduced  is  not  known.  It  was  while  mechanical  masonry 
was  a  craft  and  the  master  mason  was  an  engineer,  who  worked  but  did 
not  write.  His  methods  were  transmitted  by  example  and  his  tools  and 
devices  were  the  secrets  of  his  art. 

The  art  appears  to  have  been  known  early  in  the  sixteenth  century. 
Buck  (juotes  a  reference  to  Vasari,  who  mentions  a  bridge  of  this  kind 
erected  near  Florence  in  1530. 

But  when  in  the  jjresent  century  Chevalier  Mosca,  Engineer  and 
Architect  to  the  King  of  Sardinia,  contemplated  a  skew  arch  over  the 
Dora  Kiparia,  near  Turin,  it  is  recorded  that  "he  felt  too  that  the  art, 
although  not  of  recent  origin  in  Italy,  does  not  afford  at  this  day  proper 
means  of  executing  such  a  work  satisfactorily  on  a  very  large  scale." 

Since  that  time  the  modern  engineer  has  been  evolved  and  a  number 
of  beautiful  examples  of  skew-arches  are  to  be  met  with.  In  our  own 
country,  however,  they  are  comijarativoly  rare.  Under  the  New  York 
approach  to  the  Brooklyn  Bridge  is  a  most  excellent  instance  of 
the  segmental  arch  in  brick  with  stone  faces;  while  at  Beailing,  Pa.,  on 
the  line  of  the  Lebanon  Valley  Railroad,  is  a  well  constructed  skew  in 
stone  throughout.  But  there  are  so  many  cases  where  fine  opi)ortunitie8 
to  apply  correct  principles  have  been  neglected  or  ignored  that  it  would 
ajipear  as  if  American  engineers  were  too  much  engaged  with  the 
weightier  matters  of  their  pursuit  to  find  time  to  adopt  them.  The 
extra  labor  they  entail,  whatever  it  may  amount  to,  comes  upon  the 
engineer  only,  and  lie  should  not  shirk  it  lieeausc  a  crude  method  is 
easier  and  requires  less  time. 

There  are  men  eminent  in  the  profession  who  condemn  the  refinements 
of  design,  and  who  regard  the  use  of  spiral  joints  as  sophomorie,  for- 
getting that  their  object  is  not  fantastic,  but  a  simple  arrangement  of 
iodividnal  stones  or  bricks,  so  that  the  stresses  that  come  upon  them 
may  be  as  nearly  as  possible  at  right  angles  to  their  resistinj^  faces. 

It  is  quite  true  that  the  spiral  joint  is  not  necessary  for  the  part  of 
an  arch,  considered  by  itself,  in  which  the  abutments  face  one  another 
directly — in  which  lines  at  right  angles  to  the  axis  meet  both  abutments, 
but  there  may  h.^  and  are  instances  where  there  is  no  such  part — where 
the  dist  mce  between  th,>  faces  is  less  than  the  obliquity.  In  such  cases, 
and  in  the  projecting  portions  of  all  skew  arches,  the  reactions  of  the 
abutments  must  travel  towards  each  other  either  in  the  shortest  dii-ec- 
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tion  inolined  to  the  cylinder  or  by  a  succession  of  steps  producing 
shearing  strains.  If  the  faces  of  the  stones  or  bricks  are  square  to  the 
l^ath  of  the  force  we  have  the  best  conditions  for  stability;  otherwise 
■we  must  depend  upon  the  transverse  strength  of  the  material  and  largely 
on  the  adhesive  strength  of  the  mortar,  which  may  at  any  time  be  im- 
jjaired  by  one  of  several  natural  causes. 

We  are  sometimes  told  by  the  opponents  of  engineering  delicacy  that 
"brick-work  becomes  a  monolith  ;"  it  may,  in  time,  and  often  undoubt- 
edly does,  but  it  does  not  always  remain  so,  and  there  is  no  reasonable 
assurance  in  any  case.  Brick  walls  have  a  better  chance  to  reach  the 
monolithic  state  than  have  arches,  but,  nevertheless,  it  is  not  con- 
sidered good  i^ractice  to  lay  the  courses  in  the  wall  inclined  to  the  force 
of  gravity,  in  fact,  on  the  contrary,  great  pains  are  taken  to  keep  them 
level. 

The  heliocoidal  treatment  is  not  a  jDerfect  one,  for  it  fails  to  provide 
joint  surfaces  normal  to  the  action  of  grav'.ty  near  the  springing  line, 
but  it  does  afford  security  to  the  vulnerable  parts  of  the  arch,  and  its 
uniformity  and  preciseness  of  application  commend  it  as  against  the 
comi^licated  variations  in  the  theoretically  perfect  equilibrated  arch. 
In  structures  for  the  passage  of  water  courses,  where  the  soffit  is  hidden 
from  view,  and  where  the  marginal  loads  are  relatively  light,  as  under 
the  toes  of  embankments  for  instance,  the  engineer  may  well  hesitate 
before  encountering  the  problems  of  skew  construction,  and  may  often 
avoid  them  with  sound  discretion,  but  in  a  case  where  the  opening  is  to 
be  used  for  public  travel,  beneath  heavy  moving  loads,  where  symmetry 
is  desirable  as  well  as  strength  and  unsightly  features  should  be  excluded, 
the  heliocoidal  treatment  approximates  more  nearly  to  all  the  require- 
ments than  any  other,  and  by  its  adoption  it  is  jjossible  to  secure  the 
full  measure  of  the  strength  of  the  material  used,  which  is  another  name 
for  economy. 
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Desmond  FitzGerald,  M.  Am.,  Soc.  C.  E. — "Would  it  not  have  b  en 
a  little  better,  as  a  mutter  of  artistic  design,  perhaps,  to  have  made  tbo 
wing  walls  rather  more  at  right  angles  with  the  face  of  the  arch?  Was 
that  considered? 

Mr.  Crowell. — I  am  glad  Mr.  FitzGerald  has  asked  that  question, 
because  it  had  occurred  to  mc,  after  the  pajjcr  was  written,  that  it 
would  be  well  to  refer  to  it. 

It  would  have  been  desirable  to  do  so  if  there  had  been  room  on 
both  sides,  but  on  the  north  side  the  creek  interfered.  The  fact  that 
the  difhculties  of  the  foundation  increased  towards  the  creek  made  it 
desirable  to  keep  away.  On  the  south  side  of  the  arch  the  creek  did 
not  thus  interfere,  but  it  was  not  thought  desirable  to  make  a  variation. 
The  wall  is  designed  with  reference  to  the  angle;  there  is  no  loss  there. 

D.  J.  Whittemoke,  Past  President  Am.  Soc.  C.  E. — Has  Mr.  Crowell 
made  any  estimate  of  the  cost  of  this  structure  as  compared  with  the 
cost  of  an  iron  girder? 

Mr.  Crowell. — The  fact  that  the  railroad  embankment  was  to  be 
raised  11  feet  higher,  at  an  undetermined  date,  perhaps  remote,  perhaps 
near,  made  it  imperative  that  we  sliould  adopt  a  covered  structure  that 
would  not  be  subject  to  future  alteration.  The  fact  is,  however,  that  I 
did  make  such  a  comparative  estiniiit(>,  and  there  was  le.ss  dilVereuce  than 
one  would  sujjpose.  The  dimensions  of  the  foundation  and  eidewalls 
would  have  been  increased,  because  of  the  additional  height  required. 

Mr.  WnrfTEMORE. — There  is  one  feature  in  relation  to  stone  arch 
bridges,  built  in  our  Northern  climate,  to  which  I  wish  attention  called, 
as  it  refei-s  to  a  matter  tliat  may  be  unknown  and  not  generally  guarded 
against  by  members  who  have  2)racticed  in  a  mild  climat<».  I  have 
found  when  arches  are  sheeted  with  brick,  and  a  joining  made  by 
toothing  same  with  ring  stones  on  which  the  parapets  are  built,  that 
after  a  few  years,  through  the  lateral  expansion  and  contraction  of  road- 
bed by  reason  of  great  changes  of  temiierature,  the  ring  stones  become 
separated  from  the  brick  sheeting  from  1  to  2  inches,  therefore  I 
advise  that  wherever  brick  sheeting  is  used,  the  same  be  extended  to 
the  very  end,  leaving  off  ring  stones  entirely.  This  may  not  be  esteemed 
artistic,  but  it  is  certainly  better. 

Herbert  M.  Wilson,  M.  Am.  Soc.  C.  E. — In  a  recent  trip  to  India  I 
sxw  a  skew  arch  of  peculiar  construction.  It  was  not  a  simple  rood-bridge 
arch,  but  a  combination  of  a  masonry  road-bridge  and  a  canal  regulator, 
at  the  head  of  the  great  Ganges  canal.     The  skew  form  was  adopted 
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because  tlie  canal  was  headed  at  sucli  an  angle  with  the  river  that  a  regu- 
lating bridge  at  right  angles  to  the  line  of  the  canal  would  have  caused 
a  great  deal  of  silting  at  the  mouth  of  the  canal,  and  it  became  neces- 
sary to  make  the  upstream  face  of  the  line  of  regulating  gates  parallel 
to  the  course  of  the  river.  At  the  same  time  it  was  necessary  to  have  the 
bridge  at  right  angles  to  the  course  of  the  canal  on  the  lower  side.  The 
British  engineers  in  charge  made  computations  similar  to  those  we  have 
just  heard  described,  but  they  felt  so  uncertain  as  to  the  result  that  they 
constructed  a  very  large  model  previous  to  undertaking  the  final  work. 
The  model  was  constructed  of  brick,  40  feet  high,  perhaps,  and  possibly 
as  long,  showing  only  a  jjortion  of  the  structure,  including  one  regu- 
lating gateway.  The  foundation  woiild  have  to  be  in  gravel  extending 
for  some  depth  below  the  bed  of  the  river.  A  peculiarity  is  that  this 
skew  arch  is  to  be  double-decked,  the  lower  deck  being  intended  to 
carry  the  roadway  and  the  upper  one  being  required  to  give  head-room 
for  operating  the  regulating  gates.  Another  peculiarity  of  this  skew 
arch  is  that  it  is  to  be  constructed  across  the  Ganges  canal,  where  it  is 
140  feet  wide  on  bottom  and  220  feet  wide  on  top,  thus  requiring  a 
structure  triangular  shaped  in  plan,  being  only  20  feet  wide  at  the  east 
end,  and  about  150  feet  wide  at  the  west  abutment.  The  mass  of 
masonry  which  will  be  required  in  its  construction  is  thus  enormous. 
When  seen  the  stones  were  all  cut  and  shaped,  partly  from  designs, 
partly  from  the  model,  and  the  structure  was  just  being  commenced.. 
The  figures  which  I  have  just  given  of  the  height  and  other  dimensions 
of  the  skew  arch  are  as  I  recollect  them  from  guesses  made  by  looking 
at  the  model. 

G.  BotrscAREN,  M.  Am.  Soc.  C.  E. — Why  is  the  angle  of  40  degrees 
30  inches  the  most  unfavorable  angle? 

Mr.  CROWEiiLi. — In  reference  to  the  point  of  eccentricity  I  said 
that  its  position  had  a  bearing  on  the  question  of  strength,  and  it  is 
on  that  account  that  an  angle  somewhere  between  45  and  42  de- 
grees produces  the  combination  of  elements  which  is  the  most  inse- 
cure. 

It  is  found  that  at  the  angle  of  about  42  degrees  30  inches  the  great- 
est inclination  of  the  beds  of  the  stones  is  produced;  before  you  get  to 
this  point  you  have  not  quite  reached  the  angle  of  repose;  when  you  get 
beyond  it  the  increased  obliquity  and  the  lowering  of  the  point  of  eccen- 
tricity begin  to  compensate.  It  happened  that  the  angle  of  greatest  in- 
security is  the  one  we  had  to  adopt,  because  the  alignment  had  been 
previously  established. 

Mr.  BouscAEEN. — Mr.  Crowell  stated  that  the  additional  cost,  due  to 
the  special  character  of  the  work,  was  fifty  cents  a  yard.  What  quality  of 
stone  was  used? 


r. 
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Mr.  Crowell. — An  average  cost  for  the  entire  masonry,  including 
the  foundation,  face,  backing  and  extra  work,  was  310.50  a  yard.  The 
expectation  was  that  limestone  which  came  from  the  most  accessible 
quarries  would  be  used.  Most  of  the  structures  on  this  piece  of  mi  In  ad 
were  built  of  this  stone.  The  contract  price  for  ordinary  first-class  work 
was  $10;  on  an  adjacent  .section  we  jjaid  Sll.  "When  it  became  neces- 
sary to  adopt  a  stone  for  the  ring- stones  where  the  angles  were  very 
acute,  we  decided  to  use  oolitic  limestone,  which  we  got  from  Indiana. 
We  had  to  get  it  in  larger  l)locks  and  had  to  pay  an  extra  price  for  it, 
thiit  added  (juite  an  increment  to  the  cost.  We  had  to  make  other 
allowances  to  the  contractors  because  of  the  ditliculty  of  working  with 
the  traius  passing  continually  overhead  and  the  diflSculty  of  getting 
close  to  them.  It  is  a  ]>orfectly  fair  statement  that  in  ordinary  circum- 
stances, without  the  difficulties  cf  this  special  location,  the  cost  per 
yard  would  not  increase  the  cost  of  the  entire  structure  more  than  3  or  4 
per  cent. 

Mr.  Desmond  FitzGerald. — Did  the  contractor  pay  for  the  trans- 
portation of  the  stone? 

!Mr.  Crowell. — He  i»aid  all  the  cost.  In  that  section  of  the  country 
we  had  quite  a  large  amount  of  masonry,  and  the  prices  that  we  paid 
ranged  from  88.50  to  811.50  a  cubic  yard.  The  custom  was  to  average 
the  price  on  all  the  work. 

J.  Emiii  Hilgard,  M.  Am.  Soc.  C.  E. — Could  you  tell  us  what  the- 
cost  of  cut  stone  would  be  instead  of  brick  work?  I  understand  that  the 
prices  given  were  the  average  paid  for  cut  stone  and  brick  work.  What 
would  be  the  vidue  of  the  brick  work  and  of  the  cut  stone? 

Mr.  Crowell. — I  could  not  give  figures  that  would  be  of  value  with- 
out the  books.     I  would  bo  drawing  largely  on  my  memory. 

Ml*.  Hilgard. — How  much  camber  did  you  give  to  the  centers? 

Mr.  Crowell. — None,  and  we  had  no  settlement. 

Latham  Anderson,  M.  Am.  Soc.  C.  E. — I  have  recently  used  some- 
of  the  stone  from  the  Salem  quarries.  I  would  like  to  know  the 
strength  of  that  stone  and  of  ordinary  Indiana  flat  rock.  I  have  found 
that  stones  of  that  kind  spawl  pretty  badly,  oven  with  not  very  great 
strains  upon  them.  The  jjarticular  sti  ne  I  speak  of  was  from  tlie  Salem 
quarry. 

Mr,  Crowell. — There  were  no  comprehensive  tests  made  of  the  rela- 
tive criishing  strength  of  the  stone,  but  it  was  evident  that  layer  .stone 
that  came  from  the  limestone  (juarry  would  i^robably  be  strong  when 
lying  upon  its  natural  bed,  and  might  not  be  strong  when  lying  in  the 
other  direction.  It  was  necessary  to  have  a  stone  that  was  strong  in  both 
directions.  The  oolitic  stone  proved  such  a  stone.  It  was  nece8.«ary  to 
get  a  stone  of  large  dimensions  in  two  directions.     It  was  desirable  ta 
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■contain  in  one  mass  the  first  stone  in  the  ring  and  the  first  stone  of  the 
impact. 

O.  H.  Landreth,  M.  Am.  Soc.  C.  E. — About  a  year  ago  I  made  some 
tests  of  this  Salem  stone.  In  about  15  cubes  I  got  a  strength  of  about 
5  000  pounds  to  the  square  inch.  Two  of  these  cubes  were,  by  mistake, 
put  in  the  machine  vertically,  and  the  results  were  entirely  different.  In 
the  horizontal  case  the  fractures  were  ideal  almost.  I  never  saw  any 
more  nearly  ideal  cases  than  the  13  cubes  crushed  in  that  way.  In  the 
other  case  the  fracture  was  entirely  different.  It  ran  at  an  angle  of  about 
30  degrees  with  the  bed  of  the  machine,  and  crushing  occurred  at  a  miTch 
earlier  stage,  showing  that  the  stone  was  not  homogeneous  in  the  two 
directions. 

F.  OoLLiNGwoor),  M.  Am.  Soc.  C.  E. — Mention  has  been  made  in  the 
paper  of  skew  arches  in  the  East  Eiver  Bridge  approach  in  New  York. 
It  so  happened  that  these  came  under  my  own  charge,  and  I  may  say 
that  in  no  instance  in  that  work  was  there  any  dodging  of  the  problems 
presented.  SiDecimens  will  be  found  of  groined  arches,  coned  arches 
and  skew  arches. 

At  North  William  street,  the  arch  has  a  vertical  length  between  face 
walls  of  100  feet,  a  span  of  40  feet,  and  rise  of  but  5  feet.  The  greatest 
difficulty  was  not  in  the  amount  of  skew,  but  to  prevent  slipping  at  the 
springing  planes.  As  the  weight  above  these  j^laues  was  small,  a  hori- 
zontal depth  of  30  feet  was  given  to  the  abutments  and  counter  arches 
turned  underneath  to  lighten  them  below. 

The  small  arches  in  the  walls  facing  Pearl  and  Cherry  streets  were 
skew  on  the  outer  face  and  square  on  the  interior.  The  skew  face 
stones  were  carefully  cut  to  correct  lines  and  set,  and  then  the  lines  for 
the  brickwork  completing  the  inner  end  of  the  arch  were  sketched  in  on 
the  centering  in  such  a  manner  as  to  bring  the  joints  at  right  angles  to 
the  face. 

One  difficulty,  not  mentioned  by  Mr.  Crowell,  in  setting  the  face 
stones  in  an  arch  of  high  skew  is  the  danger  of  spaAvling  from  the  acute 
angles,  as  the  pressure  is  developed.  To  avoid  this  it  is  necessary  not 
to  fill  the  joints  at  the  face,  until  the  cement  has  had  a  chance  to 
set,  after  which  the  joints  can  be  cleaned  out  and  pointed.  It  may 
be  said  that  this  precaution  should  be  observed  in  laying  all  masonry 
"whi  h  will  be  subjected  to  a  considerable  increase  of  pressure  after 
setting. 

Mr.  Crowell. — In  reference  to  pointing  I  consider  it  very  important 
not  to  point  at  first.  In  a  brick  arch  (60  feet  span)  the  inner  layer  of 
bricks  was  crushed  all  along  one  abutment;  the  inner  layer  was  carefully 
pointed,  while  in  the  other  six  rings  of  brick  the  joints  were  more  open. 
"When  the  center  was  struck  the  inner  course  at  the  skew  backs  was 
crushed  and  had  to  be  replaced. 
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James  B.  Francis,  Past  President  Am.  Soc.  C.  E.  — There  seem  to  be 
two  causes  for  the  spawling;  cue  is  that  the  beds  are  cut  more  perfectly 
near  the  face  of  the  fetone  than  in  other  parts,  i)ermitting  a  more  perfect 
contact  at  the  arris  and  consequently  a  gi-eater  strain  than  at  other  jjarts 
of  tlie  bed.  The  other  cause  is  that  the  stone  oft'ers  less  resistance  to 
fracture  near  the  arris.  The  old  Greeks  understood  this,  and  in  their 
most  perfect  works,  in  which  little  or  no  mortar  was  use.l,  it  has  been 
found  that  the  beds,  near  the  arrises,  are  just  enough  slack  to  prevent 
contact.  Modern  masons  undei  stand  that  they  can  prevent  spawling  by 
a  mortar  joint. 

Chakles  Paine,  Past  President  Am.  Soc.  C.  E. — It  might  be  inter- 
esting if  the  list  of  references  in  this  paper  were  extended  to  cover  other 
references  made  by  member.s  to  arches  with  which  they  are  acquainted. 
There  is  a  very  handsome  stone  skew  arch  of  .W  feet  span  at  Silver 
Creek,  ui)()n  the  Bullalo  end  of  the  Lake  Shore  road,  which  was  erected 
under  the  direction  of  Mr.  En  right,  and  built  by  Mr.  Ensign,  a  Fellow 
of  this  Society. 

A  Memblk. — I  can  add  another  which  has  come  to  my  notice,  askew 
arch  crossing  the  tracks  of  the  St.  Paul  Railroad.  It  is  built  of  red  sand- 
stone.    It  has  been  described  in  Enjineering. 

A.  Fteley,  Vice  President  Am.  Soc.  C.  E. — In  coming  here  yester- 
day, we  saw  that  on  the  Pennsylvania  Railroad  they  are  constructing 
several  bridges  in  skew  form,  and  I  noticed  that  their  construction  was 
different  from  what  has  been  shown  to-day,  the  oblique  lines  of  the 
bridge  almtments  being  broken  in  echelons,  which  support  a  scries  of 
ribbed  arches  independent  of  one  another  and  parallel  with  the  axis  of 
the  track.  Is  i\xvxo  any  cue  present  who  can  tell  Avhy  this  construction 
has  been  resorted  to  ? 

Although  the  preparatory  work  of  building  a  skew  arch  is  costly, 
it  seems  to  me  that,  on  the  whole,  the  total  cost  would  not  largely 
exceed  that  of  a  straight  arch  if  the  jjrt^parations  were  properly  made 
in  advance  for  the  cutting  i)f  the  ^tone. 

I  liappened  to  come  along  this  same  road  a  few  days  after  the  Johns- 
town catastrophe,  and  was  ni>pa]led  at  the  amount  of  destruction  on  the 
streams.  Some  tweuty-tive  or  twenty-six  bridges  were  carried  away  on 
the  Juniata.  Such  disasters  illnstrate  very  forcibly  the  necessity  of 
avoiding  obstructions  in  waterways. 

During  the  cour.se  of  some  experiments  that  I  was  making  on  the 
flow  of  water  through  different  channels,  I  found  that  in  a  tunnel 
built  for  conveying  water,  in  which  the  floor  was  made  of  smooth 
concrete  and  the  sides  were  left  ragged  as  the  rock  excavation  left 
them,  the  flow  was  very  much  retarded  by  the  roughness  of  the  walls. 
When  compared  Avith  a  smooth  brick  channel,  it  was  found  that  the 
percentage  of  loss  in  flowing  cajjacity  was  as  much  as  40  per  cent. 
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A  Membeb.  — In  what  dimension  of  channel  ? 

Mr.  Fteley. — Ten  feet  wide.  There  is  no  question  that  the  slightest 
irregularities  in  the  sides  of  a  channel  will  cause  eddies  and  will  disturb 
the  flow.  This  is  so  true  that  a  mere  wash  of  Portland  cement  applied 
to  a  brick  surface  with  a  brush,  will  give  from  2  to  3  per  cent,  addi- 
tional flowing  capacity  over  the  smooth  brick  work. 

Considering  the  diminution  in  flowing  capacity  due  to  the  irregulari- 
ties produced  by  the  ribbed  arches,  I  do  not  see  that  in  point  of  cost 
they  present  any  advantage.  It  may  be  added  that  on  one  side  of  the 
bridge  the  projections  of  the  ribs  might  easily  stop  trees  or  similar 
obstructions  carried  through  the  bridge  in  time  of  flood  and  produce  a 
dangerous  accumulation  of  water  in  front  of  the  waterway. 

Mr.  Cbowell. — Mr.  Fteley  has  called  attention  to  one  reason  why 
this  form  should  not  be  adapted  for  a  water  course.  Another  reason 
why  it  should  not  be  used  for  any  purjDose  is  that  the  diameter  here 
(referring  to  dia.iram)  is  reduced.  In  the  third  place,  the  use  of  these 
parallel  ribs  renders  it  impossible  that  there  shoiild  be  a  bond  between 
these  ribs  except  in  parts.  All  the  different  courses  of  brick  that  com- 
pose each  ring  can  be  bonded  together  only  at  one  point  in  the  middle 
of  the  arch.  Each  ring  can  be  bonded  to  the  next  ring  in  one  place 
and  that  place  is  changing  all  the  time. 

Mr.  Fbancis — When  the  skew  is  not  too  great,  say  not  exceeding  30 
degrees,  I  have  made  the  beds  of  the  voussoirs  parallel  to  the  axis  of  the 
arch,  the  faces  being  cut  to  conform  to  the  spandrels. 

Geobge  E.  Thackeay,  M.  Am.  Soc.  C.  E. — On  their  visit  to  Johns- 
town the  members  can  see  a  heavy  stone  arch  bridge,  built  with  separate 
rings  as  shown  by  Mr.  Fteley.  Two  of  the  rings  of  this  bridge  at  Johns- 
town were  badly  injured  by  the  flood  and  fire  without  injur'ng  the 
others.     The  two  injured  rings  have  lately  been  replaced. 

P.  F.  Bbendlingeb,  M.  Am.  Soc.  C.  E. — I  have  erected  a  great  many 
skew  arches,  but  never  auy  on  the  principle  or  method  so  well  and 
elaboratel}^  described  by  Mr.  Crowell.  I  was  highly  entertained  by 
Mr.  Crowell's  paper,  and  I  have  no  doubt  that  all  the  members  present, 
as  well  as  those  who  are  absent  but  who  will  read  the  paper,  feel  as  I  do, 
that  Mr.  Crowell  deserves  an  immense  amount  of  credit  for  the  able 
and  elaborate  manner  in  which  he  has  handled  the  subject. 

All  the  skew  arches  that  I  have  constructed  are  what  are  termed 
"false  skew  arches."  The  barrel  of  the  arch  being  built  as  if  it  were  a 
right-angled  or  square  arch,  the  only  difference  between  the  false  skew 
arch  and  square  arch  being  at  the  ends,  where  the  faces  of  the  ring  stones 
in  the  false  skew  arch  are  cut  to  an  angle,  while  in  the  square  arch  they 
are  cut  at  right  angles  to  the  beds,  the  facade  being  at  right  angles  to  the 
axis  of  the  arch. 
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I  liave  been  engaged  in  constructing  these  skew  arches  since  1877. 
The  first  one  I  constructed  was  in  1877  on  the  Pittsburgh  and  Lake  Erie 
Eailroad  at  Beaver  Falls,  Pa.  It  was  designed  to  carry  a  double  track 
of  t\ie  Pittsburgh,  Fort  Wayne  and  Chicago  Eailroad  over  it,  the  Pitts- 
burgh and  Luke  Erie  Eailroad  passing  through  it.  The  skew  or 
obliijuity  with  the  Fort  Wayne  Railroad  was  about  60  degrees.  The 
entire  arch  was  built  of  stone.  When  the  springing  line  of  the  arch  was 
reached,  the  centers,  to  carry  the  arch  during  construction,  were  erected 
to  the  extreme  points  of  the  arch,  so  tliat  at  each  end  of  the  arch  there 
were,  so  to  speak,  some  parts  of  the  centers  not  built  upon.  I  can 
describe  this  ])erhaps  somewhat  clearer  by  a  sketch  of  another 
arch  which  I  will  describe  further  along.  In  the  sketch  the  lines, 
A  D  and  D  F,  represent  the  end  faces  of  the  arch.  The  centers  used  in 
the  erection  of  the  arch  extended  from  B  C  to  D  IT.  The  lagging  was 
then  placed  on  the  centers,  except  at  the  extreme  ends  Ijeyoud  the  arch, 
where  only  sufficient  lagging  was  put  on  to  brace  the  centers.  I  well 
remember  the  conversation  I  had  with  the  chief  engineer,  Mr.  F.  H. 
Saylor,  in  reference  to  the  i^ans  I  was  to  prei)are,  of  the  ring  or  face 
stones  for  the  contractor.  He  dwelt  at  least  an  hour  on  the  details  of 
development.  I  listened  carefully  and  conceded  the  correctness  of  his 
ideas,  but  I  knew  that  no  matter  how  carefully  and  accurately  my  plans 
were  executed,  the  contractor  building  the  arch  would  surely  make  a 
mistake,  or  i>robably  a  number  of  them,  as  my  exi)exueuce  with  him  was 
that  the  plans  of  every  i)ieco  of  masonry  he  built  for  me  he  literally 
smoked  in  his  i)ipe.  So  all  I  gave  him  was  one  template  (tin)  by  which 
he  cut  all  the  sheeting  or  arch  stones. 

By  means  of  a  transit  I  established  the  lines,  A  B  and  D  F,  on  the 
lagging,  with  tacks  about  6  inches  apart,  then  drew  pencil  lines  from 
tack  to  tack.  The  sheeting  stones  were  then  laid  in  courses,  and  the 
length  of  ring-stone  reipiired  for  each  course  was  then  measured  on  the 
centers;  the  stone  was  then  cut  on  the  ground,  the  jiroper  obliquity 
being  determined  by  measuring  the  lengths  of  the  top  and  bottom  bed 
on  the  centers,  and  ajiplyiug  these  lengths  to  a  stone  on  the  ground  and 
cutting  it  to  the  measurements.  The  result  of  this  method  insured  per- 
fectly true  aud  accurate  work;  in  fact  the  elliptical  curve  showed  uji 
against  the  sky  as  a  background  as  perfect  a  knife-edge  as  can  be  drawn. 
There  were  no  irregularities  or  misfits. 

This  arch  stood  twelve  years  without  showing  any  signs  of  weakness, 
aud,  no  doubt,  it  would  have  stood  for  ages,  but  owing  to  the  r.sual  lack 
of  penetration  in  the  near  future,  it  had  to  be  torn  out,  and  is  now 
being  rebuilt  for  a  double  track.  On  the  Pennsylvania  Schuylkill  Valley 
Eailroad,  from  Port  Clinton  to  New  Boston,  a  distance  of  25  miles,  I 
designed  and  constructed  sixteen  arches  from  16  to  60  feet  spans,  ten  of 
them  being  built  on  the  false  skew  plan,  the  obliquity  varying  from  40 
to  80  degrees. 
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I  will  describe  the  one  with  the  smallest  angle  or  maximum  skew  : 
This  is  what  is  known  as  the  "  Shoe  Factory  Arch."  It  is  located  at  the 
northern  end  of  the  borough  limits  of  Pottsville,  Pa.  Fig.  1  shows  a 
plan  of  the  arch  with  the  positions  of  the  tracks  and  edge  of  road-bed  or 
top  of  slope;  a' so  the  bottom  of  slope  or  embankment.  It  will  be 
noticed  that  the  span  of  this  arch  at  the  spring  line  is  20  feet,  while  the 
skew  or  obliquity  is  so  great  that  the  overhang  or  i^rojeetion  of  the 
arch  from  a  square  is  24  feet. 


Foot  of  ,Slo/ie. 


loot  of  Slo/te. 


Fig.  1. 


If  I  had  read  Mr.  C'rowell's  paper  before  building  this  arch  I  probably 
would  have  been  afraid  to  make  the  attempt,  for  according  to  what  I 
have  listened  to,  this  arch  has  no  business  to  stand  up;  but  it  is  there 
to-day,  has  been  under  severe  strain  and  test  for  the  last  five  years, 
and,  no  doubt,  it  will  continue  to  perform  its  functions  for  a  great  many 
years.  The  barrel  of  the  arch  is  built  with  brick  and  the  ends  with  one 
ring  of  Hummelstown  brown  sandstone.  The  use  of  this  stone  for  the 
ring  stones  was  a  mistake,  as  the  stones  in  various  parts  of  the  abut- 
ments of  the  arch  are  cracked.  The  worst  cracks  are  found  in  several 
step-stones  in  the  wings  where  there  is  no  Aveight  Avhatever  on  them, 
showing  most  conclusively  that  there  were  some  inherent  defects  in  the 
stone.  So  far  there  is  but  one  stone  in  the  ring  stones  showing  a  slight 
defect  or  spawling  off,  which  I  noticed  before  any  weight  was  put  on  the 
arch,  and  which  may  have  the  same  cause  as  the  cracks  in  the  stei)- 
stones.  Fig.  3  shows  the  method  I  insisted  on  in  arranging  the  ring 
stones,  i.  e.,  each  stone  must  be  long  or  deep  enough  to  overlap  the 
intersection  of  the  extreme  bed  of  its  neighbor,  with  the  face  or  plane  of 
the  arch,  a'  out  10  or  12  inches,  thus  preventing  the  points  of  the  stones 
from  breaking  or  spawling  off,  and  transferring  the  strain,  step  by  step, 
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as  it  were,  to  the  abutments.  Fig.  2  shows  a  cross-section  of  the  arch 
at  right  angles  to  the  center  line  of  the  railroad.  By  a  casual  glanre  at 
Figs.  2  and  1  it  will  be  noticed  that  ther.'  can  be  but  little  iiressnre  on 
the  end  of  the  arch  or  ring  stones,  as  the  combined  weight  of  the 
embankment,  tracks  and  trains  is  too  far  away  from  the  face  of  the  arch 
to  have  much  eflFect  on  the  bracket-like  end.  The  ends  of  the  arch  have 
little  more  to  carry  than  the  weiglit  of  the  stones  and  the  small  part  of 
the  embankment  in  the  slope.  The  whole  arch  acts  as  a  monolith,  and 
will  transfer  the  strains  to  the  abutments  whetiier  the  stones  are  laid 
with  the  axis  of  the  arch  or  i>iirallel  to  the  center  line  of  the  railroad. 
The  only  drawback  the  false  skew  arch  has  is,  if  settlements  or  cracks 


Fig.  3. 
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should  occur,  caused  jjrobably  by  a  bad  foundation,  the  wiseacres,  as 
usual,  Avould  say,  "I  told  you  so,"  blaming  it  on  the  principle  of  con- 
struction. I  have  carefully  examined  the  ten  false  skew  arches  above 
mentioned,  and  have  found  no  indications  of  any  weakness.  One  great 
mistake  in  the  construction  of  arches  is  in  making  the  barrel  too  short, 
thereby  rendering  it  necessary  to  have  a  high  parapet  wall,  which  acts 
as  a  retaining  wall,  with  the  barrel  of  the  arch  as  a  foundation.  I  know 
several  such  cases  on  another  railroad  within  a  fcAv  miles  of  the  "  Shoe 
Pactory  Arch,"  where  the  arches  were  built  at  right  angles  to  the  rail- 
road, having  high  parajjet  walls,  with  the  result  that  the  arch  was  liter- 
ally separated  at  both  ends,  great  yawning  gaps  or  chasms  showing  at 
the  corner  of  the  arch.  Had  these  arches  been  false  skew  arches  the 
principle  of  construction  would  have  had  to  carry  the  blame  for  these 
cracks. 

The  great  advantage  of  the  false  skew  arch  over  ribbed  and  heliocoidal 
arches  is  the  great  saving  in  the  first  cost,  simplicity  of  construction, 
and  accuracy  in  erection.  I  am  confident  that  if  i^lans  of  a  false  skew 
and  of  a  heliocoidal  arch  are  presented  to  the  general  run  of  contractors, 
the  former  will  be  built  from  $1  to  $2  per  cubic  yard  cheaper  than  the 
latter. 

All  things  being  equal,  the  simplest  method  for  the  engineers  in 
designing  and  the  contractors  in  constructing  is  always  the  best.  The 
Oakley  arch  is  a  very  beautiful  piece  of  construction,  and  no  doubt 
exists  in  my  mind  as  to  its  stability,  but  unless  the  company  which 
engages  me  to  build  arches  desires  to  be  lavish  in  its  expenditures,  I 
shall  certainly  not  build  them  in  this  way. 

Mr.  C'kowell. — I  cannot  pass  the  opj)ortunity  by  for  saying  that 
one  prime  object  in  writing  this  pajaer  was  to  demonstrate  that  the  form 
which  Mr.  Brendlinger  has  just  advocated  is  not  the  simplest.  The 
heliocoidal  method  is  the  simplest.  The  reliance  I  have  for  making  that 
assertion  is  that  all  the  stones  are  exactly  alike.  They  are  not  alike  in 
their  face,  but  the  variations  are  in  the  face  angles  and  in  the  size,  and 
the  one  pair  of  parallel  rules  applies  to  every  stone  in  the  arch.  It  is  not 
necessary  to  have  a  skilled  workman.  At  Cincinnati  we  had  to  hire  in 
the  ordinary  market,  and  it  was  not  a  very  good  market,  and  it  was  not 
a  very  remarkably  skillful  contractor,  but  we  took  the  ordinary  work- 
men just  in  that  way,  and  I  think  there  were  two  miscut  stones  out  of 
39  ringstones;  all  the  workmen  were  working  with  the  same  saddle- 
mould. 

As  for  the  extra  labor  required  of  the  engineer,  I  can  say  that  the 
four  tables  that  constitute  the  data  in  this  paper  were  all  there 
was.  I  was  very  busy  at  the  time  and  had  a  good  many  miles  of  work 
under  construction,  and  was  laid  up  in  my  house  with  a  broken  arm; 
I  made  these  tables  in  the  evenings,  and  they  were  then  given  to  an 
ordinary  draughtsman  who  could  not  have  managed  intricate  drawings. 
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The  same  simple  method  ■will  enable  any  one  to  adopt  this  construction, 
if  necessary.  I  do  not  say  that  in  all  cases  this  method  should  be 
adopted.  Ou  the  same  road  we  had  another  arch  of  the  same  dimen- 
sions, except  that  the  skew  was  not  so  great,  Avhere  the  method  Mr. 
Brendlinger  advocates  was  employed. 

I  Avaut  to  ask  Mr.  Brendlinger  one  question.  I  some  time  ago 
received  a  very  beautiful  bound  volume  of  blue  prints  that  contained 
the  ret-ord  of  Mr.  Breudlinger's  work  on  the  Pennsylvania  Road.  Tlie 
volume  contained  the  representations  of  several  skew  arches,  and  I 
looked  them  over  with  great  care  and  admired  the  wny  in  which  Mr. 
Brendliuger  had  done  the  work.  But  in  one  which  I  noticed  the  angle 
of  obliquity  is  35  d(  grees,  but  Mr.  Brendliuger  had  put  the  arch  at  an 
angle  of  45  degret  s;  he  added  9  feet  at  each  end  to  the  length  of  the 
structure.  I  want  to  ask  Mr.  Bredlinger  if  he  made  that  angle  because 
he  did  not  care  to  ran  the  risk  of  going  to  35  degrees  ? 

Mr.  Brendlinger.  — The  angle  of  35  degrees  for  the  arch  was  changed 
to  45  degrees  for  the  reason  that  I  concluded  it  was  too  bold;  and 
besides  that,  it  was  a  very  flat  arch,  bringing  considerable  strain  or 
pressure  on  the  ring-stones,  rendering  them  more  liable  to  crack.  I 
would  not  go  below  40  degrees;  it  makes  too  sharp  an  angle.  The  ring- 
stones  will  sjjawl  off  if  you  go  below  that. 

Mr.  CRowELii. — You  say  you  made  the  limit  45  degrees. 
Mr.  Brendlinger. — No;  40  degrees. 

Mr.  Crowell. — You  built  the  art-h  45  degrees  ;  you  wanted  35 
degrees,  but  concluded  that  was  too  steep;  but  I  think  you  tstaMished 
a  i^ractical  limit  in  that  case  of  45  degrees.  I  think  you  did  well;  but  if 
you  wanted  to  you  could  have  built  the  arch  at  35  degrees  by  using  the 
heliocoidal  method. 

Mr.  Brendlinger. — Mr.  Crowell  mentions  an  increased  cost  of  50 
<5ents  a  cubic  yard.     How  many  cubic  yards  are  in  the  abutments  ? 

Mr.  Crowell.— The  entire  corner  was  3  593  yards.  The  contractor 
had  to  go  out  of  his  way  to  get  the  limestone  from  a  distance,  and  allow- 
ances were  made  for  extra  work  on  the  centering,  which  really  amounted 
to  (]uite  a  great  deal,  because  of  the  interference  of  trains  with  the 
pla  ing  of  the  centering.  The  allowance  was  more  than  in  ordinary 
circumstances  would  be  due  to  extra  work ;  it  amounted  to  about  50  cents 
on  310 — about  5  per  cent. 

Mr.  Brendlinger. — The  larger  the  abutments  are  the  less  will  be 
the  cost  per  cubic  yard.  If  a  railroad  company  wishes  to  build  arches 
(on  this  principle)  with  very  small  abutments,  the  arch  stones  being 
difficult  to  get,  I  feel  confident  that  the  majority  of  contractors  would 
certainly  examine  those  arch  stones  very  carefully  and  make  a  very 
high  bid. 
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Mr.  Ckowell. — The  wing  walls  are  not  carried  up  to  the  top  of  the 
parapet  and  the  abutments  are  of  minimum  dimensions  ;  I  therefore 
think  that  this  is  a  moderately  fair  representation  of  the  average.  I 
agree  that  it  dej)ends  on  the  quantities  of  the  entire  arch.  As  I  said 
before,  if  there  was  no  wiDg  wall  and  if  the  arch  was  very  short,  this 
proportion  of  extra  cost  because  of  skew  would  be  very  much  larger.  I 
tried  to  give  an  average.  In  this  case  we  had  to  i^ile  the  foundation — a 
difficult  foundation — and  every  additional  size  given  to  the  dimension  of 
the  work  increased  the  cost  very  greatly.  It  was  demonstrated,  in  this 
case,  that  there  was  economy  in  doing  as  we  did.  I  am  not  at  all  an 
advocate  of  always  using  a  skew  construction,  but  I  am  in  favor — and  I 
think  it  is  a  correct  principle — that  when  you  have  to  build  a  skew  con- 
struction you  should  place  the  material  so  as  to  get  the  best  results  from 
it.     The  nearest  you  can  get  to  the  normal  the  stronger  and  better. 

M.  J.  Beckek,  Past  President  Am.  Soc.  C.  E.— The  Oakley  Arch,  the 
construction  of  which  is  so  ably  described  in  Mr.  Crowell's  very  inter- 
esting paper,  is  located  upon  a  new  line  of  railway,  of  which  I  had  general 
charge  as  Chief  Engineer.  The  plan  upon  which  the  arch  is  built  wa» 
very  fully  considered  in  comparison  with  other  designs,  and  was  finally 
selected,  I  will  say,  rather  reluctantly,  and  only  upon  the  assurance  of 
Mr.  Crowell,  that  he  and  his  assistants  would  be  willing  to  undertake  the 
elaboration  of  the  details,  and  give  the  work  that  careful  supervision 
which  would,  undoubtedly,  be  necessary  in  the  execution  of  a  structure 
with  whi  h  the  ordinary  stonecutters  and  masons  would  likely  be  found 
wholly  unfamiliar. 

From  a  purely  engineering  standpoint  the  work  is  an  entire  success, 
and  Mr.  Crowell  and  his  assistant,  Mr.  M.  P.  Paret,  M.  Am.  Soc.  0  E.  (who 
published  a  very  full  and  exceedingly  interesting  account  of  the  details 
of  the  construction  of  this  arch  in  the  "Journal  of  the  Engineering 
Society  of  the  Lehigh  University,"  in  February  number,  1888),  deserve 
great  credit  for  their  share  of  the  work. 

From  an  economical  stand-point,  however,  the  design  itself,  as  well 
as  Mr.  Crowell's  conclusions,  expressed  in  the  note  on  page  174,  appear 
to  me  fairly  open  to  adverse  criticism.  I  am  now  satisfied  that  the 
method  adopted  for  supjaorting  the  track  and  maintainiug  the  traffic  of 
the  Cincinnati,  Washington  and  Baltimore  Kailroad  during  the  con- 
struction of  the  arch,  by  means  of  alternately  shifting  the  temporary 
trestle  supports  proved  in  the  end  much  more  expensive  than  the  intro- 
duction of  a  substantial  truss  or  plate  girder  bridge  across  the  gap  would 
have  been,  which  would  have  given  at  once  ample  and  secure  working 
space  beneath,  and  would  have  enabled  the  Cincinnati,  Washington  and 
Baltimore  Railroad  to  pass  over  the  opening  without  helping  engines 
and  without  a  material  reduction  of  speed.  The  truss  or  plate  girder 
bridge  could  have  been  used  elsewhere  after  serving  this  temporary  i^ur- 
pose.     There  would  have  been  no  difficulty  in  driving  the  foundation 


DISCUSSION    ON   THE    OAKLEY    AECH.  189 

piles  for  the  arch  (in  the  sides  of  aud  beneath  the  temj^orary  bridge,  the 
lower  chords  of  which  would  have  been  42  feet  above  the  tops  of  the 
piles  when  driven,  while  the  piles  themselves  were  only  21  feet  long. 

The  aetiial  cost  of  building,  shifting  and  maintaining  the  trestles, 
together  with  the  amounts  paid  to  the  Cincinnati,  Washington  and  Balti- 
more Railroad  Company  for  helping  engines,  crews,  watchmen  and  track 
labor  amounted  to  ^9  732  89. 

The  total  cost  of  the  entire  arch  is  as  follows: 

3  593  cubic  yards  first-class  masonry  at  $10 . . .  $35  930  00 
13  034  feet  lineal  piling  in   foundations  at  38 

cents 4  952  92 

23  621  feet  B.  M.  timber  in  foundations  at  $22.  519  66 

2  254  pounds  of  iron  at  2^  cents 56  35 

4  283  cubic  yards  earth  excavation  at  23  cents.  985  09 
6  915  cubic  yards  loose  rock  at  38  cents 2  627  70 

3  398  cubic  yards  wet  excavation  at  90  cents . .     3  058  20 
135  780  feet  B.  M.  timber  in  trestles  at  $19 2  579  82 

1  206  days'  labor  on  trestles  at  $2  50 3  015  00 

Engine  hire,  helping  trains 4  138  07 

Labor,  maintaining  Cincinnati,  Washington  and 

Baltimore  track 1  143  30 

Extra  cost,  stone-cutting 1  833  00 

Total $60  839  11 


This  large  aggregate  expense  is  chiefly  due  to  the  troublesome  char- 
acter of  the  foundations,  to  the  cost  cf  the  temporary  supports  and  to 
the  exactions  of  the  Cincinnati,  Washington  and  Baltimore  Railroad 
Company,  who  not  only  insisted  upon  the  immediate  i^rovision  for  a 
double  track  road-bed,  but  also  for  an  additional  lengthening  of  the  arch 
to  enable  them  to  raise  their  tracks  11  feet  above  their  present  elevation. 

Wbile  the  price  of  $10  per  cubic  yard  for  the  masonry  is  not  high,  still 
it  is  higher  than  ordinary  rectangular  bridge  masonry  would  have  cost; 
and  while  it  is  true  that  even  after  adding  the  extra  allowance  of  $1  833 
to  the  cost  of  the  masonry,  the  ultimate  price  per  cubic  yard  only  foots 
up  5510  50,  I  do  not  think  that  Mr.  Crowell  is  w'arranted  in  drawing 
from  these  facts  the  conclusion  that  "  the  average  cost  of  masonry  in  a 
skew  construction  would  be  increased  only  from  3  to  4  per  cent,  by  the 
heliocoidal  treatment."  In  the  first  place  the  quantity  of  masonry  in 
tbis  arch  actually  requiring  special  cutting  under  the  heliocoidal  treat- 
ment is  unusually  small  in  proportion  to  the  whole  amount,  due  to  the 
deep  foundations,  which  extend  18  feet  below  the  track.  Furthermore 
it  should  be  considered  that  the  body  of  this  arch  is  of  brick,  which 
requires  no  treatment,  and  that  the  special  cutting  in  this  case  was  really 
confined  to  the  ring  stone  of  the  faces  of  the  arch  and  to  the  sawtooth 
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skewbacks  at  the  imposts,  and  that  in  cases  where  the  entire  body  of  the 
arch  is  composed  of  stone,  each  single  piece  of  which  would  have  to  be 
cut  by  s^Decial  patterns,  the  cost  would  be  very  materially  increased,  and 
with  it,  of  course,  the  ratio  of  ijercentage  of  increase  over  ordinary  bridge 
masonry. 

There  is  but  very  little  theoretical  literature  on  this  subject,  and  still 
less  practical  record  of  actual  construction,  so  that  every  contribution 
adds  to  our  knowledge  and  experience  of  a  method  of  construction 
which  should,  and  no  doubt  would  find  more  extended  application,  if 
more  generally  understood.  But  those  who  are  not  familiar  with  the 
subject  hesitate  to  undertake  it,  and  those  who  are  familiar  with  it 
appreciate  its  practical  diflBiculties  and  shrink  from  the  troublesome 
labors  attending  its  execution. 

A  fuller  understanding  of  the  subject  will  overcome  these  difficulties 
and  lead  to  a  more  general  a^jplication  of  this  interesting  method  of 
construction. 

Mr.  Crowell  is  entitled  to  the  thanks  of  the  Society,  and  his  paper 
deserves  the  appreciation  of  the  profession  at  large  for  shedding  light 
upon  a  subject  hitherto  wrapped  in  mystery  and  obscurity. 

Mr.  Ceowell — The  essence  of  Mr.  Becker's  discussion  is  that  as  a 
theoretical  exposition  the  paper  on  the  Oakley  Arch  is  worthy  of  the 
praise  he  bestows  upon  it,  for  which  I  thank  him,  but  that  from  a 
practical  standpoint  the  method  of  construction  will  not  stand  the  test 
of  economy.  I  should  regret  to  have  this  view  confirmed,  because  the 
chief  object  before  me  in  preparing  the  paper  was  to  establish  the 
contrary. 

By  way  of  pointing  the  moral,  as  I  suppose,  Mr.  Becker  subjoins  a 
statement  of  the  expenditures  at  the  site  of  the  work,  which,  as  it 
inclrdes  the  very  large  items  of  removing  and  replacing  the  Cincinnati, 
Washington  and  Baltimore  embankment,  the  diffii  ult  and  tedious  pile- 
foundation  below  water  level,  and  the  extra  cost  of  operating  the  Cin- 
cinnati, Washington  and  Baltimore  traffic  due  to  employment  of  assisting 
engines,  and  is,  in  fact,  the  full  account,  presents  a  large  total;  but  most 
of  these  items  are  manifestly  of  a  character  common  to  any  type  of 
structure  that  might  have  been  used.  They  really  have  no  place  in  the 
discussion,  and  I  forbore  to  introduce  them  in  the  original  paper.  Only 
two  items  are  of  interest  or  have  direct  bearing,  namely,  first,  the 
amount  and  cost  of  the  masonry  as  per  contract,  based  upon  ordinary 
straight  work,  and  second,  the  additional  price  jjaid  in  the  form  of  after 
allowances  because  of  the  skew  construction;  and  these,  taken  from  Mr. 
Becker's  statement,  are  as  follows  : 

3  593  cubic  yards  of  masonry  at  ^10 $35  930 

Allowances  (for  extra  stonecutting,  superior  grade 
of  stone,  extra  labor  on  centering  because  of 
maintaining  traffic  over  head) 1  833 

^7  763 
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The  average  cost  of  the  masonry  Avith  the  extras  added  amounts  to 
$37  763—  3  593  =  §10  51,  wliich  agrees  with  the  writer's  statement  that 
the  cost  of  the  masonry  was  increased  about  5  per  cent,  by  the  skew  con- 
struction. 

Predicated  upon  this,  and  bearing  in  mind  that  this  extra  allowance, 
which  was  made  by  the  Avriter,  was  a  liberal  one,  and  larger  than  it 
would  have  been  but  for  the  necessity  of  maintaining  the  traffic  over- 
head, I  have  represented  that  it  is  a  reasonable  expectation  that  the 
increased  cost  due  to  skew  construction  will  not  ordinarily  be  more  than 
3  or  4  per  cent,  greater  than  for  the  same  quantity  of  straight  work. 
Mr.  Becker  states  that  he  does  not  think  I  am  warranted  in  this  conclu- 
sion, and  in  support  of  his  position  addiaces  the  fact  that  the  arch 
pro23er,  excejit  the  ring-stones,  was  of  brick,  on  which  he  imagines  there 
was  no  extra  work;  as  a  matter  of  fact,  however,  the  chief  item  of 
extra  cutting  was  on  the  individual  checks  on  the  impost  to  receive 
the  brick  work,  amounting  to  nearly  one-third  of  the  entire  extra 
cost,  and  at  least  two- thirds  of  the  cost  of  the  check  cutting  could  be 
saved  in  most  instances  by  letting  the  impost  overhang  as  suggested 
in  the  pajser,  and  as  would  have  been  done  here  but  for  the  excessive 
skew.  This  of  itself  would  save  1  per  cent,  of  the  entire  cost  per 
cubic  yard,  and  of  course  the  shorter  the  impost  the  less  the  cost  of  this 
item. 

Mr.  Becker  also  calls  attention  to  the  relatively  large  proportion  of 
masonry  in  this  case,  and  thinks  that  in  most  cases  there  would  be  a 
smaller  aggregate  of  yardage  as  a  divisor  of  the  extra  expense  ;  this 
point,  which  has  already  been  brought  oiit  in  the  verbal  discussion, 
is  well  taken,  but  there  is,  of  course,  a  relation  between  the  height  of 
the  arch  and  the  height  and  extent  of  the  wing  walls,  so  that  the 
difference  as  between  the  quantities  in  different  structures  would  be 
largely  in  the  dejjth  of  foundations,  and  so  this  case  is  a  favorable  one 
for  the  jsercentage  in  that  respect.  But  on  the  other  hand,  the  writer 
is  satisfied  that  the  extra  labor  in  cutting  the  ring  stones  should  not  be 
nearly  so  great  as  was  allowed  for,  and  in  fact  beyond  the  first  cost  of 
stone  cut  to  waste,  due  to  the  shaj^e,  there  should  be  no  extra  jirice  for 
skew-cutting  at  all.  The  tool  work  on  the  soffit  and  face  is  exactly  the 
same  for  the  same  sized  stones  in  skew  as  in  straight  work,  and  the 
remaining  work,  on  the  winding  beds,  differs  only  in  the  use  of  the 
"  twist  rules  "  instead  of  the  straight  edges.  It  is  entirely  a  question  of 
"know  how,"  and  while  contractors  as  a  class  may  not  possess  the 
knowledge,  there  is  no  actual  diflSculty  in  teaching  the  stonecutters, 
and  if  more  frequent  opportiinities  were  given,  there  would  be  more 
facility. 

The  less  the  degree  of  skew,  of  course,  the  less  twist  in  the  stones 
and  the  less  waste,  and  this  gives  another  element  in  forming  the  reason- 
able expectation. 
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But  the  argument  after  all  is — and  this  is  what  was  claimed — that  in 
most  cases  the  economy  in  quantity  of  mat.^rial  will  more  than  offset 
the  cost  of  the  skew-cutting. 

Mr.  Becker  makes  another  criticism  to  the  effect  that  he  thinks  the 
alternate  trestle  system  proved  more  costly  than  a  truss  system  of 
temj^orary  support  spanning  the  entire  opening  would  have  done,  a 
conclusion  to  which  he  is  led,  I  suj^pose,  by  contemplating  the  cost  of 
the  extra  motive  power  paid  to  the  Cincinnati,  Washington  aud  Balti- 
more Company,  amounting  in  his  schedule  to  $4  138  07.  This  has  no 
bearing  on  t'.ie  skew  construction,  and  is  of  no  great  importance,  because 
the  choice  of  false  works  in  any  case  would  depend  on  jaurely  local  con- 
siderations. But  as  the  point  is  raised,  I  will  say  that  in  my  visits  to  the 
work  during  its  jsrogress  I  gave  that  question  much  consideration,  and 
am  of  the  opinion  now  that  if  again  confronted  with  a  similar  problem, 
I  would  feel  safe  in  using  the  trestle  system,  and  would  not  be  just'fied 
in  adding  to  the  natural  difficulties  the  effect  of  the  heavy  concentration 
of  weight  which  the  truss  si^an  would  entail  in  dangerous  proximity  to 
the  work  on  the  foundations,  even  if  a  choice  was  possible.  There  might 
be  cases  where  the  foundation  question  could  be  eliminated,  aud  where 
undoubtedly  a  truss  system  of  false  works  would  be  better. 

And  the  fact  remains,  like  the  celebrated  excuse  of  the  French  maire, 
that  in  this  case  there  Avas  not  sufficient  head  room  to  work  the  pile- 
driver  under  the  track,  despite  Mr.  Becker's  ingenious  theory  based  on 
the  length  of  the  bearing  piles  after  they  were  cut  off.  I  will  add  that 
the  trestle  that  was  used  was  quite  as  suVistantial  as  any  truss,  and  heavy 
freight  trains,  as  it  happened,  were  run  sometimes  over  it  at  very  high 
speed,  in  defiance  of  instructions.  The  trains  were  slowed  as  a  wise 
precaution,  and  the  same  regard  for  the  safety  of  the  traffic  would  have 
called  for  the  same  regulation  in  running  over  any  false  works.  The 
trestle  did  not  retard  the  progress  of  the  work,  and  the  latter  was  the 
measure  of  the  item  of  motive  power. 
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COMPARATIVE   TESTS   OF  AN   ELECTRIC  MOTOR 
AND    A    STEAM    LOCOMOTIVE    ON    THE 
MANHATTAN   (ELEVATED)  RAIL- 
WAY,   NEW  YORK. 


By  Lincoln  Moss,  0.  E. 

WITH  DISCUSSION. 

In  February,  1889,  the  writer  was  detailed  from  the  Chief  Engineer's 
Department  by  the  General  Manager,  Colonel  F.  K.  Hain,  M.  Am.  Soc. 
C.  E.,  to  conduct  tests  to  determine  the  efficiency  of  an  experimental 
"  direct"  electric  .system  of  motive  power,  as  compared  with  the  present 
steam  locomotive  performance.  The  system  was  one  of  three  which  had 
been  tried  at  various  times  on  the  elevated  roads,  and  the  only  one 
which  had  been  jjushed  far  enough  to  be  recognized  as  a  possible  com- 
petitor of  the  steam  locomotive,  and  much  credit  is  due  to  the  inventor's 
skill  and  persistence. 
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The  section  of  road  chosen  for  the  experiment  was  1.76  miles  long, 
from  12th  to  51st  street  on  the  Ninth  avenue  line.  A  profile  of  this  section 
is  sho^-n  on  Plate  LVI,  giving  the  grades,  stations  and  streets.  This 
section  is  on  the  oldest  and  lightest  of  the  four  lines  operated  by  the 
Manhattan  Railway  Company  ;  the  traffic  is  comparatively  light,  as  is 
also  the  rolling  stock  ;  the  cars  weigh  twelve  tons  each,  empty,  and  the 
locomotives  16  to  19  tons,  in  working  order.  The  track  was  in  good 
condition,  but  was  not  up  to  the  j)resent  standard,  as  tlie  replacing  of  the 
old  50-pound  rails  and  5-inch  ties  with  the  standard  90-pound  rails  and 
6  X  8-inch  ties  would  have  interfered  with  the  electrical  conductors. 

The  trial  trains  were  made  up  of  empty  cars  of  the  new  standard  type, 
which  weigh  29  500  pounds  each,  empty  ;  at  first  two  were  pulled,  then 
three,  and  finally  four  ;  these  four  empty  cars  weighed  a  trifle  less  than 
the  four-ear  trains,  loaded,  which  are  run  on  this  line  in  regular  service. 
The  trial  cars  have  each  two  four-wheeled  trucks  of  the  swing  bolster 
pattern,  with  four  wheels,  30  inches  diameter,  which  are  of  the  steel- 
tired  Allen  pajDer  variety. 

After  the  experiments  wdth  the  electric  system  were  concluded,  a 
steam  locomotive  was  detailed  from  regular  service  to  pull  the  same  train 
over  the  same  section  and  under  the  same  conditions,  as  far  as  possible, 
to  determine  the  relative  efficiency. 

Desceiption  of  the  Electkic  Plant. 

The  generating  machinery  was  located  at  the  south  end  of  the  section 
in  a  side  street,  and  about  400  feet  west  of  the  railway  structure. 

The  boilers  were  of  the  ordinary  horizontal  tuliular  i^attern,  set  in 
brickwork  on  the  return  system,  rated  at  100  horse-power  each,  and  fur- 
nished steam  at  a  pressure  of  80  to  90  pounds  per  square  inch  ;  two  boilers 
were  used  in  the  lighter  runs,  and  three  subsequently. 

The  engine  was  a  horizontal  "Wright's  automatic  cut-off,"  with  a 
single  cyHnder,  22  inches  bore  by  42  inches  stroke,  and  worked  non- con- 
densing ;  the  11-inch  crank-shaft  carried  a  fly-wheel  16  feet  diameter,  2 
feet  face  and  l^-inch  rim,  which  revolved,  in  the  later  experiments,  from 
ninety  to  one  hundred  times  per  minute,  depending  on  the  resistance, 
giving  a  piston  speed  of  630  to  700  feet  per  minute,  and  a  velocity  of  belt 
which  ran  from  the  face  of  the  fly-wheel  to  the  main  shaft  pulley,  of  4  524 
to  5  026  feet  per  minute.  This  engine  was  in  charge  of  exj^erts,  and  was 
fined  down  to  practically  perfect  adjustment,  showing  but  5  per  cent. 
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friction.  The  greatest  indicated  liorse-power  found  during  tlie  trials 
■was  400. 

There  were  four  generating  dynamos,  nominally  50  horse-i^oAver 
each  ;  they  could  be  worked  in  parallel  or  in  series  by  means  of  a  switch, 
and  were  driven  by  belts  and  wooden  pulleys  from  the  main  line 
shaft.  There  was  a  small  •i-horse-power  dynamo  in  addition,  which 
supplied  current  for  the  engine  room  incandescent  lights. 

The  current  was  conveyed  from  the  dynamos  to  the  railway  structure 
conductors  by  two  insulated  copjier  cables  strung  on  poles  ;  at  the 
structure  the  cables  were  divided  to  connect  with  the  three  positive  con- 
ductors on  the  east,  center  and  west  tracks. 

The  positive  conductors,  Plate  LX,  were  of  very  fine  copper, 
i-inch  round  rods,  bolted  to  the  wooden  guard  timbers  by  insulated 
clamps. 

The  negative  conductors  were  made  up  of  the  east  line  rails  of  each 
track  ;  they  were  connected  by  ordinary  angle  splice  l:)ars  and  bolts,  and 
also  were  connected  electrically  by  copper  wires  at  each  joint,  riveted  in 
the  flanges. 

The  positive  conductors  of  the  east  and  west  tracks  were  cross  con- 
nected at  intervals  of  about  200  feet. 

The  circuit  was  closed  through  the  motor  on  the  track  liy  a  device 
which  had  copper  leaved  brushes  which  slid  over  the  positive  conductors, 
and  the  current,  after  passing  through  the  motor  dynamo  and  its  connec- 
tions, was  returned  through  the  driving  wheels  into  the  rails,  j^assing 
thence  back  to  the  generating  dynamos.  Another  copper  brush  was 
pro^sided  on  the  ojjposite  side  of  the  motor  to  bridge  gaps  in  the  positive 
conductors  on  the  switches. 

Sketches  of  the  motor  are  shown  on  Plates  LVI  and  LX;  the  four 
driving  wheels  wei-e  48  inches  diameter,  6  feet  between  centers,  and 
coupled  to  obtain  the  maximum  tractive  force  ;  on  the  rear  axle  were  two 
carefully  cut  steel  gears,  driven  by  two  steel  pinions  keyed  on  the  shaft  of 
the  dynamo  ;  on  this  shaft  were  the  armature  and  commutator  revolving 
between  the  field  magnets  ;  the  brushes  were  movable  and  could  be 
reversed  to  change  the  direction  of  rotation,  but  not  when  under  head- 
way; the  brake  shown  was  electro-magnetic,  but  was  more  effective  when 
apjilied  by  the  hand  wheel  and  screw;  the  motor  could  be  cut  out  of  the 
circuit,  but  this  was  not  done  for  fear  of  injury  to  the  mechanism.  The 
exact  weight  of  this  motor  was  unknown  ;  it  was  known  to  be  10  tons. 
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and  probably  weighed  more.  The  motor  dynamo  was  said  to  possess 
128  horse-power.* 

The  middle  handle  shown  at  the  front  of  the  machine  was  nsed  at  first 
to  vary  the  speed  of  the  motor  by  raising  or  loweidng  the  resistance  of  the 
field  magnet  circuit,  or  the  strength  of  the  field,  but  in  the  later  and 
heavier  experiments  additional  resistance  was  introduced.  The  driving 
wheels  were  allowed  to  play  in  the  pedestals  a  trifle  by  means  of  rubber 
springs,  and  the  teeth  of  the  pinions  consequently  moved  up  and  down 
between  the  teeth  of  the  gear  wheels  when  vibration  took  place. 

One  pur250se  of  returning  the  current  through  the  driving  wheels  into 
the  rails  was  to  increase  the  adhesion  or  fi-ictional  co-eflScient  between 
the  wheels  and  the  rail.  While  the  writer  believes  this  claim  has  foun- 
dation, it  could  not  be  proved,  as  the  motor  did  not  possess  suflBcient 
power  to  slip  its  own  wheels  against  the  friction  due  merely  to  the  actual 
weight  upon  the  wheels.  The  maximum  i^ull  in  a  test  to  determine  this, 
if  possible,  was  4  500  pounds  for  an  instant,  on  a  dry  track,  which  is 
often  sanded  at  that  j)oint  by  the  engines  hauling  express  trains.  This 
pull  of  4  500  pounds  would  give  a  co-efficient  of  friction  for  10  tons  con- 
centrated on  the  drivers  of  .225,  while  a  co-efficient  of  .35  is  not  unusual 
at  such  a  place  in  locomotive  practice.  The  motor  was  equii^ped  with 
sand  pipes  at  each  end,  which  are  not  shown,  nor  are  the  resistances, 
switches  and  various  wire  connections  shown. 

Plate  LVI  is  a  graphic  record  of  the  heaviest  test  attempted,  made  on 
the  15th  of  April,  1889,  at  10  p.m.  There  was  no  api^reciable  wind 
blowing  to  complicate  the  question  of  train  resistance,  and  the  weather 
and  track  were  dry,  the  latter  conditions  being  especially  favorable  for 
good  electrical  results. 

The  train  consisted  of  four  empty  cars,  weighing  29  500  pounds  each 
as  before  described.  This  train  weighed  somewhat  less  than  a  fairly 
loaded  four-car  train,  such  as  is  run  on  this  line  during  the  busy  hours 
of  the  day,  and  the  test  was  an  attempt  to  imitate  the  run  of  such  a  train, 
stoi^ping  at  all  the  stations  on  the  way.  In  the  absence  of  any  other  brake 
aside  from  the  motor  brake,  all  the  car  brakes  were  manned  to  make  the 
stops  quickly. 

The  first  profile  shows  the  track  with  its  grades,  the  stations  and 
streets. 

*  This  is  the  builder's  figure  as  the  result  of  a  Prony  Brake  test. 
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The  second  diagram  shows  the  indicated  hors8-i)Ower  of  the  driving 
engine,  which  is  the  pnme  mover  to  be  considered,  and  which  propels 
the  train  through  the  medium  of  the  electric  current.  In  all  cases  4 
horse-power  has  been  deducted  from  the  cards,  for  the  engine  room 
lights.  The  automatic  cut-off  of  the  engine  was  quite  sensitive,  and 
there  was  considerable  fluctuation  in  the  power  called  forth  ;  for  this 
reason  the  writer  took  the  indicator  cards  as  rapidly  as  jjossible,  to 
secure  the  greatest  possible  number  of  readings,  and  averaged  a  card 
every  16  seconds  throughout  the  run.  An  assistant  recorded  the  revolu- 
tions at  the  instant  of  tracing  the  diagram,  with  a  tested  tachometer  ; 
another  assistant  timed  each  card  accurately,  so  that  knowing  the  time 
of  the  arrival  of  the  train  at  the  various  points  along  the  run,  the  card 
may  be  placed  very  accurately  at  the  point  where  the  train  was  at  the 
same  time. 

The  third  profile  shows  the  net  or  effective  horse-power  exerted  at 
the  draw-bar  of  the  motor  and  is  the  measure  of  the  power  used  to  pro- 
pel the  train  ;  it  is  also  the  measure  of  the  fraction  of  the  power 
developed  by  the  i^rime  mover  actually  recovered  for  usefiil  work  at  the 
draw-bar  of  the  motor.  The  average  power  generated  was  176.8  horse- 
power, while  the  amount  recovered  on  the  track  was  26.7,  making  the 
average  efficiency  .151  and  the  average  loss  84-i\  per  cent. 

The  coupling  link  between  the  motor  and  train  was  a  Shaw  hydraulic 
■dynamometer  (Plate  LV),  with  a  12-iuch  gauge  graduated  in  hundreds 
of  pounds.  Just  prior  to  this  test,  the  dynamometer  was  sent  to  the 
maker's  shop  in  Philadelphia,  where  it  was  put  in  thorough  repair  and 
tested,  and  the  pointer  adjusted  and  set  by  an  expert  in  the  employ  of  the 
-electric  company.  The  readings  were  called  out  by  one  observer  and 
recorded  by  another  who  also  noted  the  position  of  the  train  at  the  same 
time. 

The  net  horse-power  was  calculated  by  formula. 

Pull  of  Motor  in  Pounds  by  Velocity  of  Train,  Feet  per  Minute 

33  000. 

=  Net   Horse-Power. 

The  fourth  diagram  records  the  "  pull  "  of  the  motor  on  the  train  at 
the  draw-bar  in  pounds,  as  observed. 

The  fifth  diagram  shows  the  velocity  of  the  train  in  feet  per  second. 
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recorded  by  two  observers  on  board  tlie  train,  one  of  ■whom  would  call 
out  as  tlie  train  reached  the  center  of  an  intersecting  street  or  a  station, 
while  the  other  would  carefully  note  and  record  the  time  on  a  prepared 
form.  The  times  of  arrival  and  departure  from  stations  were  also  noted. 
The  various  distances  having  been  carefully  measured,  the  velocity  of 
the  train  was  obtained  by  dividing  the  length  of  a  given  block  by  the 
number  of  seconds  consumed  in  passing  it,  for  the  velocity  in  feet  jjer 
second. 

The  average  net  speed,  all  stoppages  deducted,  was  9.4  miles  per 
hour;  the  average  service  net  speed  in  the  regular  operation  of  this  sec- 
tion is  15  miles  per  hour. 

Beferring  to  Diagram  2,  Plate  LVI,  it  will  be  noticed  that  the  j^ower 
expended  by  the  prime  mover  never  went  back  to  zero,  even  when  the 
train  and  motor  were  standing  at  a  station,  at  which  time  there  was  a 
constant  average  expenditure  of  38.2  horse-power.  Of  this  about 
4  horse-jjower  is  lost  in  the  engine  and  shafting,  5  horse-jjower  of  the 
remainder  is  lost  in  the  dynamos,  leaving  29.1  horse-power  lost  in  the 
line. 

The  greatest  power  of  the  engine  was  exerted  when  the  train  was 
being  started.  For  this  reason  it  was  claimed  at  one  time  that  better  run- 
ning time  could  be  made  with  electric  motors  than  with  steam  locomo- 
tives, which  exert  the  least  horse-power  in  starting,  although  the  steam 
is  admitted  to  the  cylinders  at  nearly  full  stroke.  The  fallacy  of  this 
belief  becomes  api^arent  by  referring  to  diagrams  3,  4,  and  5,  Plate  LVI. 
The  net  horse-power  actually  exerted  upon  the  train  is  least  when  the 
train  is  being  started,  the  dynamometer  shows  a  low  initial  pull,  with  a 
characteristic  falling  back,  and  the  speed  line  invariably  shows  a  hollow 
curve  of  acceleration  in  place  of  the  full  curve  which  would  indicate  a 
rapid  acceleration  of  speed,  and  a  correspondingly  great  exertion  of 
jDOwer  against  the  resistance  of  the  train.  From  a  consideration  of  these 
facts,  we  may  inqiiire,  where  was  the  great  loss  in  starting,  notably  at 
30th  street  station,  where  the  driving  engine  indicated  395  horse- 
power, while  at  the  same  time,  but  7.6  horse-power  was  being  exerted  to 
pull  the  train,  showing  less  than  2  per  cent,  of  the  power  of  the  engine 
transmitted  to  the  train  at  that  instant  ?  The  chief  losses  are  due  to 
several  facts  in  the  operation  of  electric  motors. 

First. — The  efficiency  of  a  motor  depends  largely  ujion  the  develo^j- 
ment  of  the  counter  E.  M.  F. ,  clearly  shown  in  this  case,  the  efficiency 
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increasing  almost  directly  as  tlie  increase  of  train  velocity.  The  heavier 
the  load  and  the  slower  the  speed,  the  poorer  the  economy.  The  motor, 
ever  changing  in  speed  and  requirements,  could  not  maintain  the 
counter  current  at  the  most  economical  jjoiut  or  intensity,  as  in  a 
stationary  motor  running  with  a  nearly  con.stant  current  and  potential. 
"When  the  motor  is  just  beginning  to  move,  this  counter  current  is  small 
and  increases  as  the  armature  revolves  faster.  The  effect  of  the  increase 
of  this  counter  electro-motive  force  is  to  diminish  both  the  volts  and  the 
amperes,  as  well  as  the  current  waste,  which  is  greatest  when  the  motor 
armature  is  just  beginning  to  move.  The  counter  ciirrent  could  be 
increased  till  it  equaled  the  driving  force.  The  golden  mean  can  only  be 
obtained  in  a  motor  running  at  a  fixed  speed,  with  relation  to  the 
generator. 

Second. — The  economy  is  greatest,  other  things  being  equal,  when 
the  load  is  lightest,  and  the  counter  current  is  largest. 

Third. — When  a  motor  is  being  started,  there  is  no  counter  current, 
and  it  is  necessary  to  increase  the  resistance  by  rheostats,  shunts,  or 
resistance  coils,  or  by  varying  the  strength  of  the  field,  and  these 
methods  increase  the  current  waste  in  accordance  with  Joule's  law  of 
current  waste  (C^  X  -^  =  current  waste)  "  C  "  being  the  current  in 
amperes,  and  "  R  "  being  the  resistance  in  ohms.  In  a  system  where  a 
stationary  motor  is  to  be  driven  at  a  constant  speed  under  an  unchanging 
load,  it  is  possible  to  adjust  the  various  relations  of  size,  speed,  counter 
electro-motive  force,  etc.,  so  as  to  reclaim  a  very  good  proportion  of  the 
force  generated  in  the  prime  mover.  As  much  as  60  or  70  per  cent,  has 
been  claimed  in  such  instances,  but  in  an  electric  locomotive  the  condi- 
tions are  the  very  worst  for  economical  results,  by  reason  of  the  ever- 
changing  speeds  and  loads  and  the  complication  of  conditions;  and  the 
heavier  the  load  to  be  handled  and  the  greater  the  speed  demanded,  the 
more  difficult  and  complicated  the  problem  becomes.  The  most  safe 
and  reliable  method  of  regulation  is  doubtless  the  rheostat  or  resistance 
coil.  Some  have  used  shifting  commutator  brushes;  others  have  used 
shunts  to  vary  the  strength  of  the  magnetic  field,  and  in  the  case  before 
us  various  devices  were  used  experimentally,  and  the  best  and  most 
rehable  only  were  adopted. 

Devices  that  would  answer  for  a  10  horse-power  electric  street  car  at 
ordinary  speeds  would  not  answer  the  purpose  on  a  128  horse-power 
motor  handling  far  greater  loads  with  much  larger  variation  in  speeds. 
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One  effect  of  iutroduciug  a  resistance  into  tlie  circuit  is  to  increase  the 
horse-power,  the  formula  for  which  is : 

E  X  G       volts  X  amperes       , 
-746--  =  • 746 ==  liorse-power. 

The  volts  measuring  the  pressure,  and  the  amperes  the  current,  the 
current  being  supi^lied  by  the  generators  at  nearly  constant  pressure  or 
voltage,  it  becomes  necessary  to  increase  the  power  in  starting,  either  by 
increasing  E  or  G.  It  is  also  necessary  to  use  a  resistance  to  prevent 
burning  out  of  the  commutators  and  connections.  At  the  instant  of 
starting,  much  current  is  being  used,  a  great  deal  of  heat  is  developed 
by  current  waste  and  resistance,  and  as  the  counter  current  is  practically 
0,  it  is  imperative,  both  for  economy  and  safety,  to  increase  the  power 
by  increasing  the  pressure  (E)  instead  of  the  current  (C),  which  is  done 
according  to  Ohms' law,  E=^C  X  R,  by  introducing  a  resistance  into  the 

E=  G  X         R 

circuit,  electro-motive   force    (volts)  =  current  [amperes]  x  resistance 

(Ohms). 

The  action  of  an  electric  motor  bears  some  resemblance  to  that  of  a 
steam  locomotive.  In  the  latter,  in  starting,  the  distribution  of  the 
steam  is  the  most  wasteful,  and  the  average  pressure  on  the  pistons  is 
the  greatest,  when  "notched  up"  so  as  to  expand  the  steam  more 
economically,  the  economy  is  very  much  improved,  and  the  average 
pressure  falls  comparatively  low,  but  although  low,  it  is  ajD plied  so 
much  more  rapidly,  that  a  greater  horse-power  is  developed.  So  in  an 
electric  locomotive,  the  electrical  pressure  is  greatest  when  starting, 
because  of  the  "resistance"  introduced,  and  the  current  used  is  greatest, 
owing  to  the  absence  of  counter-electro-motive  force;  but  as  the  speed 
increases  and  the  resistance  is  cut  out  and  the  counter  current  increases, 
the  electrical  pressure  becomes  less,  and  also  the  current  used,  for  it  is 
evident  that  if  the  speed  of  the  motor  was  increased  enough  the  new 
or  counter  current,  generated  by  the  driven  motor  acting  as  a  generator, 
would  equal  the  current  derived  from  the  generating  dynamo,  and  no 
work  would  be  done  by  the  motor;  so  that  when  the  motor  is  working 
rapidly  and  the  impulses  are  of  low  pressure  and  quantity,  the  efficiency 
is  the  greatest,  although  it  seems  like  a  strange  kind  of  efficiency  which 
depends  upon  the  development  of  an  opposing  force. 

Of  course  the  heavier  the  load,  or  the  steeper  the  grade  to  ascend, 
the  greater  is  the  "resistance"  required  in  order  to  increase  the  horse- 
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power,  and  as  tlie  siaeecl  of  ascent  on  a  grade  is  below  the  normal,  the 
counter  current  is  small  and  the  current  waste  is  greater,  as  more  cur- 
rent is  used,  so  that  we  might  expect  to  find  at  30th  street,  which  is  at 
the  foot  of  the  liVir  per  cent,  grade,  the  greatest  waste  of  power  and  the 
least  eflBciency.  On  this  OLcasiou  the  rear  end  of  the  train  was  on  the 
down  grade.  When  the  current  was  switched  into  the  dynamo  to  start 
the  train,  the  resistance  was  immediately  felt  at  the  power  station,  the 
dynamos  and  driving  engine  slackened  their  speed  about  10  per  cent., 
which  allowed  the  arms  and  weights  of  the  centrifugal  governor  to  fall 
and  increase  the  period  of  admission  in  the  steam  engine  cylinder. 
The  greater  the  load  the  lower  would  the  governor  arms  drop,  so 
that  in  starting  out  from  30th  street  the  initial  card  shows  the  steam 
admitted  for  the  full  stroke.  On  one  occasion,  at  this  point,  the  engine 
worked  so  vigorously  against  the  resistance  as  to  burn  out  the  brushes 
of  one  dynamo.  Of  course  in  handling  heavy  loads,  when  much  cur- 
rent is  wasted,  it  shows  itself  in  the  form  of  heat.  On  another  occasion, 
in  running  with  an  expei'imental  combination,  suflSeient  heat  was  liberated 
to  set  fire  to  the  insulation  and  woodwork  in  the  motor. 

Some  persons  claim  a  restoration  of  power  on  the  down  grades,  upon 
the  theory  that  the  armature  in  the  motor,  propelled  by  gravity,  will 
generate  a  current  which  will  be  restored  to  the  line.  While  this  should 
be  so  theoretically,  provided  the  armature  revolved  rapidly  enough,  it 
will  suffice  to  state  that  a  careful  comparison  of  the  light  cards  taken 
while  the  train  was  running  down  the  long  1  per  cent,  grade  from 
34th  to  42d  street,  by  gravity,  with  the  cards  taken  when  the  train 
was  not  in  motion  at  all,  and  the  generating  engine  was  running  "light," 
shows  no  perceptible  diminution. 

At  first,  in  these  experiments  a  current  of  low  potential  was  used, 
but  as  the  loads  were  increased  and  the  usual  stops  and  starts  made 
with  the  load,  it  became  necessary  to  increase  the  power.  This  was  done 
by  increasing  the  speed  of  the  engine  from  80  to  100  revolutions  per 
minute,  the  effect  of  which  was  to  increase  the  potential  by  revolving 
the  dynamo  armatures  faster.  While  the  current  used  was  not  deadly, 
it  was  strong  enough  to  knock  a  man  oflf  his  feet,  and  as  it  was  exposed 
not  only  in  the  conductors  but  also  in  the  wheels,  side-rods  and  other 
mechanisoa  about  the  motor,  in  jaractice,  it  would  have  been  imperative 
to  use  a  pressure  in  the  neighborhood  of  that  j)rescribed  by  the  London 
Board  of  Trade,  300  volts. 
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To  obtain  a  given  horse-power  by  a  low  potential  current  would 
mean  the  use  of  more  current  and  larger  conductors  for  the  horse- 
power =  .    If  we  reduce  the  volts,  the  amperes  must 

be  increased,  and  the  amperes  are  thejjroduct  of  the  current  divided  by 

E 

the  resistance  or  (7  =  -^.     We  should  also  recollect  that  the  current 

XL 

waste  is  equal  to  the  square  of  the  current  multiplied  by  the  resistance, 
or  C-  X  R,  so  that  the  economy  of  high  tension  currents  is  apparent,  a 
point  well  understood  by  electric  light  companies.  Of  course  the 
higher  the  E.  M.  F.,  the  better  must  the  insulation  be,  just  as  high 
pressure  engines  and  boilers  require  better  construction.  Had  the 
voltage  been  kept  at  the  original  low  E.  M.  F.,  the  economy  would 
not  have  been  as  good  as  that  shown  on  the  diagrams. 

High  speed  of  armature  is  an  important  requisite,  and  as  yet  no 
means  have  been  found  practical  to  ajaply  the  motor  armature  to  the 
driving  axle  direct.  Direct  action  and  elimination  of  gearing  and 
intermediate  contrivances  is  the  best  for  all  engines,  whether  stationary, 
locomotive  or  marine,  and  the  electric  motor  was  undoubtedly  at  a  dis- 
advantage in  being  compelled  to  use  gearing  to  reduce  the  speed; 
especially  should  we  expect  quite  a  loss  in  friction,  because  the  i^itch 
lines  of  the  gear  wheels  and  pinions  were  constantly  varying  as  the 
axles  moved  up  or  down  in  the  pedestals.  This  motor  originally  was 
built  with  F  friction  gearing,  which  was  found  to  be  unreliable  and  use- 
less owing  to  the  oscillations.  The  loss  due  to  varying  counter  current 
and  current  waste  is  of  course  common  to  all  electric  motors,  from  what- 
ever source  the  current  is  derived.  Some  inventions  have  been  made  to 
obviate  this  great  source  of  waste,  by  keeping  a  constant  rate  of  arma- 
ture si3eed  and  using  variable  intermediate  gearing,  and  other  inven- 
tions have  been  made  with  this  purpose  in  view;  but  spur  gearing 
remains  still  the  standard.  The  objectionable  use  of  resistances  is  done 
away  with  on  storage  battery  motors  by  grouping  the  cells  which 
represent  about  2  horse-power  each,  into  series,  so  that  the  operator 
may  switch  only  one  set  or  all  into  the  circuit,  and  thus  obtain  a  cur- 
rent of  variable  intensity  and  pressure.  If  but  one  motor  on  a  direct 
system  circuit  was  in  use,  it  would  be  possible  to  apply  the  same 
principle  to  the  direct  system,  but  in  practice  there  would  be  a  number 
of  motors  on  a  section  at  once.    Some  would  be  just  starting  andcalliug 
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for  much  current  and  high  potential;  others  might  be  in  full  speed  and 
calling  for  a  current  of  lower  pressure  and  quantity,  so  that  it  would  be 
impossible  to  suit  all  the  varying  conditions  at  once.     A  great  many 
trials  were   made  under  varying  conditions,  and    one   interesting  fact 
among  others  developed,  is,  that  the  economy  with  light  trains  at  higher 
speeds  becomes  poorer,  apparently  contrary  to  the  general  principle  that 
the  economy  of  stationary  electric  motors  increases  with  the  speed  and 
the  reduction  of  the  load,  and   many  believed  that  a  better  showing 
would  be  made  with  such  tests.     It  is  true  that  tests  made  with  light 
trains  of  two  or  three  emjaty  cars  run  at  a  high  speed,  but  making  no 
stops,  showed  much  better  results,  but   such   conditions  are  not  at  all 
jDractical  in  operating  elevated  or  other  railways.     It  is  true  that  a  lightly 
loaded  stationary  motor,  running  at  a  nearly  constant  high  rate  of  speed, 
will  show  maximum  economy,  but  in  the  case  before  us,  where  the 
motor  was  changing  its  speed  continually  and  stopping  and  starting, 
the  rule  will  not  apply.     To  demonstrate  the  fact,  and  also  to  form  an 
estimate  of  the  probable  ijower  required  at  a  higher  speed  than  was 
attained  in  the  trials,  the  writer  has  prepared  the  diagram  shown  on 
Plate  LX.    The  base  line  is  laid  off  in  spaces  representing  sjjeed  in  miles 
per  hour,  from  8  to  15;  then  taking  a  number  of  reliable  tests  at  dif- 
ferent speeds  and  with  differing  loads,  and  dividing  the  total  weight  of 
the  train  in  tons  into  the  average  indicated  horse-power,  we  obtain  the 
horse-power  per  ton  of  train,  expended  at  the  various  speeds.     These 
results  have  been  plotted,  and  the  ordinates  connected  by  a  line  which 
forms  a  tolerably  regular  curve,  considering  the  various  little  changes 
made  in  the  motor  at  different  times,  and  the  varying  atmosj)heric  con- 
ditions.    The  four  right-hand  ordinates  were  obtained  from  tests  made 
entirely  by  the  experts  of  the  electric  company.     Two  were  made  with 
two  car  trains,  and  two  with  three  car  trains   (all  empty).     The  other 
ordinates  were  taken  from  tests  with  four-car  em^jty  trains,  made  by  my 
assistants  and  self.     The  lower  lines  show  the  net  horse-jDOwer  required 
at    the  various   siaeeds    per  ton  of  train,  as  determined  by    the  loco- 
motive tests,  and  also  the  required  indicated  horse-power   per   ton  of 
entire  train. 

The  extreme  right-hand  ordinate  was  figured  from  a  test  with  two  cars 
weighing  59  000  ijounds  together.  The  average  rate  of  speed  was  12  miles 
per  hour  net,  and  no  stop  was  made  at  the  most  difficult  point,  30th 
street;   yet  the  average  indicated  horse-power  is  more  than  thiit  found 
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with  a  train  of  double  its  weight,  and  nmning  only  2.6  miles  per  hoiir 
slower. 

It  being  evident  that  the  electric  motor  had  not  sufficient  power  to 
handle  an  average  train  under  worldng  conditions,  and  that  the  generat- 
ing machinery  was  not  powerful  enough,  it  was  considered  advisable,  in 
ordei-  to  secure  an  accurate  comparison  with  a  steam  locomotive,  to  detail 
one  to  pull  the  same  train  of  cars  over  the  same  track,  using  hand  brakes 
and  reducing  the  running  time  to  that  of  the  electric  motor.  A  number 
of  tests  were  made  on  tAvo  occasions,  some  at  slow  speed,  some  on 
schedule  time,  and  one  run  was  made  to  ascertain  the  best  jDerformance 
of  the  engine,  which,  incidentally,  propelled  the  train  at  an  average  net 
speed  of  16f  m'les  an  hour,  making  all  the  stops. 

The  locomotive,  No.  67,  was  1  y  no  means  the  best  on  the  line,  and 
was  not  in  the  best  condition,  as  it  had  a  few  days  before  been  equipped 
with  new  brasses  all  around,  and  newly  planed  valve  faces,  all  of  which 
require  plenty  of  time  and  oil  to  bring  their  surfaces  to  a  good  fit  and 
polish. 

The  cylinders  were  11-inch  bore  x  14-inch  stroke.  The  four 
drivers  were  36j-inches  diameter.  The  concentrated  working  weight 
on  drivers  was  23  900  pounds.  The  total  working  weight  was  37  900 
pounds.  The  maximum  boiler  pressure  was  140  pounds  per  square 
inch. 

Plate  LVII  records  the  results  of  a  test  made  in  slow  time,  June  20th,, 
1889,  at  10.26  p.  m. 

The  same  corps  of  obs3rvers  made  the  test,  using  the  same  instru- 
ments and  methods.  The  writer  used  a  new  60-pound  spring  in  the 
Tabor  indicator,  which  was  driven  by  an  arm  and  cord  and  thrown  in 
or  out  of  gear  by  the  pawl  and  ratchet  attachment  used  for  high-speed 
work.  During  the  time  that  steam  was  on,  cards  were  taken  on  tha 
average  every  nineteen  seconds. 

The  average  indicated  horse-power  (Diagram  1)  was  25.92;  the  aver- 
age net  horse-power  was  21.95  (Diagram  2),  making  the  efficiency  of  the 
prime  mover  .85. 

The  net  speed  and  net  horse-power  are  both  lower  than  in  the  elec- 
tric motor  test,  as  the  speed  was  three-tenths  of  a  mile  per  hour  less.  In 
this  latter  test  the  train  had  made  several  trips  before  this  particular  test 
was  made,  and  the  journals  were  consequently  in  better  condition  than 
they  were  in  the  electric  motor  test  shown  on  Plate  LVI,  when  the  train. 


MOSS   ON    COMPARATIVE   TESTS   OF    ELECTllIC    MOTOR.  205 

Lad  stood  idle  on  the  tra-k  some  days  before  making  the  test  run,  and 
had  only  made  one  preliminary  trip  on  that  evening. 

In  order  to  arrive  at  a  conchisiou  respecting  the  relative  economy  of 
the  two  systems  of  motive  power,  the  writer  assumes  the  most  tangi- 
ble measure  to  be  the  cost  of  producing  one  net  horse-power  at  the 
draw  bar.  Under  actual  working  conditions,  the  locomotives  develop  on 
the  average  one  indicated  horse-jsower  per  hour  with  6  pounds  of  good 
broken  anthracite  coal,  which  costs  about  S^.'iO  per  long  ton  on  board 
the  engines  of  this  line.  In  a  short  time  this  expense  will  be  largely 
reduced  by  the  new  coaling  plant  at  the  Harlem  Kiver.  This  coal  is  very 
good,  averages  a  pound  per  lump,  and  generates  7  pounds  of  ste^.m*  per 
pound  of  coal,  in  the  average  locomotive  boiler.  The  city  charge  for 
Crotou  water  is  $1  per  1  000  cubic  feet. 

The  machinery  used  in  the  electric  plant  was  of  an  economical  tyjje, 
but  could  have  been  better  still  by  investing  more  money  in  the  plant. 
Assuming  that  the  engine  was  compounded  and  used  high  pressure 
steam,  and  assuming  that  the  plant  could  have  been  located  on  the  water 
front  so  as  to  obtain  condensing  water,  and  assuming  that  an  inferior 
coal  was  burned,  a  high  average  figure  would  be  the  develoj)ment  of  one 
indicated  horse-power  per  hour  with  3  pounds  of  coal.  Assuming  that 
the  inferior  small  coal  would  cost,  after  unloading,  trimming,  storing, 
rehandling  and  delivering  at  furnaces,  $3  30  pev  long  ton,  and  assuming 
an  hourly  consumption  of  steam  of  20  pounds  per  horse-power,  with  an 
efficiency  of  .15  from  the  prime  mover,  the  cost  of  1  net  horse-power  l)y 
electricity  would  be  : 

T     TT      p 

Let  X  =  „'      '     '  =  indicated  horse-power  required  to  produce  one 
net  horse-pow'er  at  the  draw-bar  of  motor  ; 
"    a  =  pounds  of  coal  burned  per  indicated  horse-power  hour  ; 
"    b  =  pounds  of  water  evaporated  per  pound  of  coal  burned  ; 
"    c  ^  total  cost  of  coal  per  pound  at  the  furnace  ; 
"    d  =  cost  of  water  per  pound  : 
then  X  ac=  cost  of  coal,  and  x  ah  d  ^=  cost  of  water,  which  are  respect- 
ively $  ,03  and  %  .001,  making  the  total  cost  per  net  horse-power  hour 
3-iV  cents.      In  the  case  of  the  locomotive  [x  a  c  :=  $  .012)  -f  {x  a  b  d  = 
$  .001),  =  total  cost  per  net  horse-power  hour,  1^;^  cents. 
The  ratio  of  cost  by  locomotive  to  electric  motor  is  1  :  2t^o%. 

*  Total  evaporation. 
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This  is  entirely  exclusive  of  extra  force  at  generating  st-tions  and 
additional  repairs,  and  there  could  be  no  reduction  in  the  working  force 
on  board  the  motors,  whether  steam  or  electric. 

The  foregoing  estimate  can  only  hold  good  with  reference  to  the  elec- 
tric motor  at  a  sjaeed  of  9tV  miles  per  hour,  for  beyond  that  the  ratio  of 
indicated  to  net  horse-power  rapidly  increases,  as  shown  by  the  diagram 
on  Plate  LX.  Carrying  out  the  curve  of  apparent  increase  of  indicated 
horse-power  per  ton  of  train  from  12  to  15  miles  per  hour,  it  seems  very 
fair  to  assume  an  expenditure  of  9  indicated  horse-power  per  ton  of  train 
at  that  speed,  which  would  bring  the  ratio  of  cost  up  to  1 : 4. 7 — by 
applying  the  previous  method. 

The  question  may  be  asked,  what  would  have  been  the  efficiency,  if, 
instead  of  one  train  being  run  on  the  trial  section,  a  number  of  trains  had 
been  run?  The  line  resistance  and  other  demands  for  power  when  no 
train  was  being  moved  would  probably  have  remained  the  same,  namely, 
38.2  horse-power  ;  this  constant  loss  would  have  been  divided  among,  at 
most,  four  trains  on  this  section,  which  would  reduce  the  average  horse- 
power per  train,  at  the  low  speed  of  9.4  miles  per  hour,  to  166.5  horse- 
power, while  the  net  horse-power  required  would  remain  26.7,  giving  an 
eflScieney  of  22-i\  P^r  cent. ,  but,  on  the  other  hand,  the  evidence  goes  to 
show  that  if  the  speed  was  brought  up  to  the  regular  average  of  15  net 
miles  per  hour,  the  efficiency  would  have  shrunk  to  about  8  or  9  per 
cent. ,  and  this  would  again  be  reduced  by  lowering  the  jjotential  of  the 
current  to  a  safe  limit. 

A  conservative  estimate,  based  on  these  facts,  would  be  that  the  cost 
of  direct  electric  propulsion  would  be  four  times  that  of  steam  loco- 
motion. 


DISCUSSION. 


A.  M.  WEiiLiNGTON,  M.  Am.  Soc.  C.  E. — The  motor  tested  was  a 
Daft,  was  it  not  ? 

Mr.  Moss.— Yes. 

Mr.  WEiiMNGTON. — It  seems  to  me,  in  a  general  way,  tl  at  tliese  dia- 
grams, while  no  doubt  entirely  correct,  woiild  1  e  liable  to  give  a  false 
idea  of  the  relative  promise  of  electricity  and  steam  as  a  motor.  One 
has  on'y  to  compare  the  two  rows  of  diagrams  to  see  where  the  great 
loss  in  the  use  of  electricity  came  in;  it  was  in  the  conversion  of  the 
current  of  electi-icity  into  power  on  the  train.  I  presume  there  was 
nothing  special  about  that  dynamo  ? 
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Mr.  Moss. — The  m;)tor  dynamo,  128  horse-power,  was  specially  built 
for  this  motor,  replacing  the  former  75  horse-power  motor;  the  four 
generators,  200  horse-power,  were  standard  electric  light  machines. 

Mr.  Wellington. — In  a  general  way  it  may  be  said  that  there  is  now 
readily  realized  from  80  to  90  per  cent,  of  the  power  put  into  the  steam 
engine  by  good  dynamos.  The  electric  current  can  be  and  is,  under 
favorable  conditions,  converted  into  power  with  a  loss  say,  of  not  much 
over  10  per  cent.  So  under  favorable  conditions,  to  bring  out  the 
power  cmsumed,  60  or  70  per  cent,  of  that  developed  by  the  engine 
can  be  given  out  by  the  motor.  This  motor  was  evidently  defective. 
Mr.  Daft  is  entering  into  a  new  and  unknown  field,  where  certain  mis- 
takes and  failures  are  iDevitable,  but  we  can  see  it  would  be  an  entirely 
diflferent  thing  if,  on  the  diagrams,  that  upper  one  were  reduced  so 
that  it  was  only  in  the  ratio  of  100  to  60  or  70   to  the  power  below. 

I  don't  know  how  soon  such  economy  is  to  be  realized  in  railway 
motors.  We  evidently  are  not  near  it  yet,  but  it  can  he  counted  on  that 
even  now  appliances  exist  which  can  make  a  much  better  showing  than 
those  tested  in  these  experiments. 

Mr.  Moss. — The  system  under  consideration  embodied  all  the  ex- 
perience of  the  original  experiments  made  several  years  jjrior  to  the 
tests  described,  the  motor  in  i^articular  having  been  entirely  rebuilt. 
Originally  it  had  75  horse-power,  a  d  drove  one  pair  of  drivers  by  friction 
wheelp,  but  was  changed  by  putting  in  a  specially  designed  motor  of 
128  horse-power,  which  drove  four  coupled  wheels  by  steel  gears  and 
phosphor-bronze  pinions.  The  methods  of  regulation  were  similar  to 
those  used  in  the  best  street  railway  practice.  External  resistances, 
while  necessary  at  times,  were  used  as  little  as  possible.  Much  of  the 
regulation  was  automatic,  as  shown  by  the  diagrams,  when  the  motor 
was  climbing  up-grade.  As  the  train  resistance  increased  and  the  speed 
slackened,  the  counter  current  decreased,  and  automatically  permitted 
more  current  to  flow  through  the  motor,  increasing  its  ijulling  jjower 
and  decreasing  the  efficiency.  Another  method  of  regulation  was  to 
vary  the  strength  of  the  field,  by  many  considered  to  be  preferable  to 
adding  external  resistance.  Two  other  electric  systems  were  tried  pre- 
viously on  the  elevated  roads — one  using  a  differential  motor,  the  other 
applying  power  to  the  ear  axles,  but  to  Mr.  Daft  and  his  very  able 
lieutenants  belongs  the  credit  of  advancing  further  along  the  road  to  a 
jiractieal  solution  of  the  problem  of  electric  elevated  railways  than  any 
other  experimenters  have. 

Alfred  E.  Hunt,  M.  Am.  Soc,  C.  E. — My  experience  coincides  with 
the  statements  of  the  last  speaker,  and  not  with  those  of  Mr.  Wellington. 
I  agree  with  Mr.  Wellington,  however,  that  the  best  form  of  generators 
or  dynamos  are  capable  of  showing  an  efficiency  ol"  nearly  90  per 
cent.,  measuring  the  force  by  the  formula  given  in  the  paj^er,  namely. 
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E.  H.  P.  =  I^_^ ^™^"'  ^  ''  that  is,  tliat  the  most  improved  forms  of 
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apparatus  for  converting  energy  in  the  form  of  mechanical  power  into 
energy  in  the  form  of  electrical  currents,  have  succEedecl  in  reducing 
the  loss  in  conversion  to  about  10  j^er  cent.  But  the  tests  of  efficiency 
of  generators,  or  of  machines  for  converting  energy  in  the  form  of 
electrical  currents  into  energy  in  the  form  of  mechanical  power,  under 
various  loads  and  different  speeds,  have  not  given  as  satisfactory  results 
under  practical  working  conditions,  whether  the  tests  ai'e  made  by  fric- 
tion-brakes, transmission  dynamometers,  or  by  making  the  motor  drive 
a  dynamo  which  supplies  it  with  current,  and  measuring  with  a  dyna- 
mometer the  mechanical  work  of  the  auxiliary  engine,  or  the  other 
power  needed  in  addition  to  the  motor,  in  order  to  give  the  dynamo  the 
capacity  for  the  required  electric  current.  I  am  aware  that  many  manu- 
facturers claim  an  equal  efficiency  for  their  motors  with  the  results  of 
the  best  generators — an  efficiency  of  some  90  per  cent.  However,  it  has 
not  been  my  exjaerience  that  they  are  warranted  in  this  claim,  if  the 
tests  are  made  with  the  conditions  of  actual  working  loads,  such  as  the 
motors  will  receive  in  actual  service;  especially  has  this  been  found  the 
case  if  the  tests  include  frequent  stopping  and  starting  of  the  machines 
such  as  they  very  often  undergo,  and  particularly  in  such  cases  as  cited 
in  the  paper. 

When  a  motor  is  running,  part  of  the  electric  energy  of  the  supply- 
ing current  is  spent  in  doing  work,  and  the  remainder  is  wasted  in  heat- 
ing the  wires  of  the  circuit,  and  as  internal  resistance  of  a  dynamo 
machine,  when  warmed  through  with  continual  working,  is  considerably 
higher  than  when  it  is  cold,  and,  further,  as  the  efficiency  of  a  motor 
dei^ends  largely  on  the  relation  between  the  electromotive-force  which  it 
itself  generates  while  rotating,  and  the  electromotix  e-force  of  the  current 
which  is  supplied  to  it,  it  seems  practically  imj)ossib]e  to  obtain,  under 
circumstances  as  given  in  the  jiaper  under  consideration,  nearly  as 
efficient  service  from  motors  as  from  generators  working  under  constant 
loads. 

Mr.  Wellington. — I  think  Captain  Hunt  misunderstands  the  state- 
ment. I  did  not  say  that  it  was  realized  in  any  motors  of  this  kind;  I 
said  it  "  had  been  realized."  I  have  seen  within  a  week  the  record  of  a 
test  of  an  electric  motor  which  did  develop  something  over  80  per  cent. 
of  the  power  put  into  it  by  the  electric  current,  and  still  more  has  been 
obtained  in  other  tests. 

referring  now  to  another  point:  Mr.  Moss  speaks  of  the  difficulty  in 
staiting;  that  is  undoubtedly  one  of  the  great  difficulties  with  the  Daft 
plants  and  many  others,  but  that  difficulty  is  notlikelj'  to  be  permanently 
unavoidable.  There  is  alrea  ly  one  plant  that  I  know  of  whicb  illustrates 
what  can  be  done;  in  that  plant  the  motor  does  not  stop  at  all  when  the 
train  stops,  so  that  the  waste  from  this  cause  is  much  less.     This  motor 
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obtains  the  extra  starting  power  by  an  excee.lingly  ingenious  method  of 
varying  the  speed.  It  is  too  complicated  to  attempt  to  describe  here  off- 
hand; in  a  general  way,  the  result  which  is  accomplished  is  that  there 
are  two  wheels  adjacent  to  each  other,  grasped  by  brakes.  In  starting 
the  brake  is  thrown  into  one  position,  a  fixed  one,  and  one  of  the  wheels 
is  held  stationary.  This  gives  a  slow  starting  speed.  After  starting 
the  brake  is  simply  reversed;  the  wheel  that  was  stationary  is  allowed 
to  move  and  the  other  held  stationary.  The  speed  is  then  increased 
and  power  decreased  four  or  five  times.  This  device  promises  much 
advantage  when  finally  perfected,  yet  it  merely  illustrates  what  may  be 
done  by  future  improvements. 

Oberlin  Smith,  M.  Am.  Soc.  C.  E. — I  do  not  think  that  we  ought  to 
be  discouraged  as  to  the  future  of  electric  locomotion  by  these  figures, 
although  they  explain  very  well,  perhaps,  why  the  New  York  Elevated 
Koads  have  not  gone  on  and  applied  electricity  upon  their  lines.  It 
seems  to  me  that  a  part  of  the  trouble  is  in  trying  to  run  with  an  electric 
locomotive  at  all.  From  what  Mr.  Moss  said  abotit  the  burning  of  the 
armatures,  it  looks  as  if  some  of  the  diffiulty  was  there;  that  the  locomo- 
tive was  not  at  all  jDroportioned  to  the  weight  of  the  train.  If  some 
proper  system  of  applying  the  motors  to  the  cars  themselves  had  been 
used,  it  is  probable  that  very  much  better  results  would  have  been  ob- 
tained; and  I  decidedly  think  that  in  the  future,  when  we  do  run  cars  or 
trains  by  electricity,  we  must  do  it  in  that  way.  The  total  dead-weight 
can  then  be  proportioned  to  the  number  of  cars  used  at  any  given  time, 
and  although  we  should  build  oiir  cars  much  lighter,  we  should  get 
abundant  traction — and  without  carrying  several  tons  of  ballast  in  the 
shape  of  the  unnecessary  monster  in  question. 

"We  are  not  told  anything  about  the  j)articular  "system"  used  in 
these  experiments,  but  it  must  have  been  very  imperfect,  in  comparison 
say,  with  our  best  electric  street  railways,  to  show  so  low  an  efficiency. 
It  seems  as  if  with  a  good  dynamo — one  having  85  or  90  per  cent, 
efficiency,  and  a  motor  as  good — there  should  have  been  far  less  loss. 
There  is  the  loss,  of  course,  in  the  line,  and  perhaps  the  greatest  jjart 
of  loss  may  be  in  the  line,  but  my  impression  has  always  been  that  we 
may  expect  about  50  per  cent,  of  our  power  at  the  car  axles.  If  we  got 
only  40  per  cent,  in  this  case  of  the  energy  put  into  the  dynamos,  we 
would  see  a  very  great  change  in  the  diagrams. 

If  we  look  at  the  principle  of  the  thing  we  have,  besides  the  advan- 
tage of  generating  our  power  so  much  cheaper  "on  shore,"  the  chance 
(if  we  choose)  of  dispensing  entirely  with  locomotives  and  with  the 
most  of  their  dead-weight.  I  think  there  ought  to  be  a  great  deal  of 
experimenting  done  in  this  line,  and  that  it  ought  to  be  tried  on  the 
elevated  roads,  as  a  feeler  toward  the  use  of  electricity  upon  our  ordin- 
ary railways.  The  elevated  roads  in  a  city  are  jieculiarly  well  adapted 
to  this  kind  of  traction,  certainly  more  than  the  surface  street  roads  can 
be;   and  yet  the  latter  are  a  magnificent  success. 
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James  B.  Fkancis,  Past  President  Am.  Soc.  C.  E. — Sir  William 
Thomson  stated  to  a  committee  of  the  English  Parliament  in  1879;  "I 
look  forward  to  the  Falls  of  Niagara  being  extensively  used  for  the  pro- 
duction of  light  and  mechanical  power  over  a  large  part  of  North 
America,"  and  in  a  deferred  answer  to  questions  regarding  the  quantity 
of  metal  required  for  the  electric  transmission  of  energy,  he  stated,  as 
the  result  of  his  calculations,  "  a  copper  wire  of  half  an  inch  diameter 
suffices  to  transmit  21  000  horse-power  to  a  distance  of  300  statute  miles, 
with  an  exi^enditure  of  26  250  horse  power  at  the  sending  end.  The  20 
per  cent,  loss,  being  5  250  horse-power,  is  spent  in  generating  heat  all 
along  the  300  miles  of  conductor,  which  is  at  the  rate  of  17.5  horse- 
power per  mile,  or  1  horse-power  for  300  feet." 

The  weight  of  a  statute  mile  of  round  copper  wire  of  ^  an  inch  in 
diameter  is  4  000  pounds,  of  which  the  cost  is  about  £200.  Hence  the 
cost  of  the  coi^per  to  transmit  80  per  cent,  of  26  250  horse-power  to  a 
distance  of  300  statute  miles  (say  from  Niagara  to  Montreal,  or  Boston, 
or  New  York,  or  Philadelphia)  is  £60  000,  or  less  than  £3  per  horse-power 
actually  transmitted. 

I  have  made  many  inquiries  as  to  the  extent  to  which  these  antici- 
pations have  been  realized,  practically,  and  find  it  to  be,  so  far,  very 
small. 
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APPENDIX. 

In  order  to  compare  the  relative  cost  of  equipment  and  operation  of 
this  line,  by  steam  direct  or  by  electric  current,  the  following  estimates 
of  cost  and  oiseration  of  motive  power  are  appended,  and  a  sketch  of  the 
proposed  generating  i>lant  (Plate  LXI)  on  the  direct  current  system,  with 
the  motors  in  parallel,  voltage  400  to  500.  Although  the  electric  i^lant 
used  in  the  tests  had  been  enlarged  and  improved  during  the  years  of 
experimenting  on  the  road,  and  was  considered  to  be  nearly  perfect,  it 
is  conceded  in  the  following  estimates  that  it  would  be  ijossible,  by  the 
greatest  refinements  known,  to  do  the  work  with  but  one-half  the 
expenditure  of  energy  found  in  the  tests,  which  were  the  latest  and  most 
favorable  and  taken  in  dry  weather.  Much  depends  on  the  accuracy  of 
the  diagram  showing  the  increase  of  power  expended  to  move  1  ton  on 
the  track  at  different  speeds;  if  the  generators  or  motor  were  over- 
loaded it  would  be  unfair  to  assume  the  line  of  increase  as  being  neces- 
sarily correct  for  future  jsractice. 

To  avoid  constructing  an  overloaded  diagram,  the  right-hand  ordi- 
nates  were  calculated  from  runs  with  but  two  empty  cars,  while  the  left- 
hand  ordinates  were  calculated  from  runs  made  with  four  empty  cars. 
The  motor  had  128  horse-j^ower,  according  to  the  builder's  Prony  brake 
tests,  which  exceeded  the  maximum  power  of  any  locomotive  on  this 
line,  and  the  generators  had  collectively  200  horse-ijower  backed  up  by 
an  engine  of  400  horse-power — maximum  power;  as  the  net  horse-power 
required  in  the  most  extreme  case  on  the  diagram  was  but  16f^o^ir  horse- 
power, the  great  surplus  of  power  is  self-evident.  In  this  case  the 
engine  exerted  an  average  of  187  I.  H.  P.,  losing  10  per  cent,  in  itself 
and  the  shafting;  it  delivered  168.3  horse-power  to  the  dynamos,  which, 
with  an  eflSciency  of  .85,  delivered  143.1  horse-power  to  the  line;  the 
net  line  loss  was  29.1  horse  power,  which  leaves  114  horse-power  deliv- 
ered to  the  motor,  or  more  than  seven  times  the  net  horse-power  re- 
quired to  propel  the  two  empty  cars,  so  that  there  can  be  no  question 
as  to  the  truth  of  the  curve  of  increase.  The  Ninth  Avenue  section  of 
the  Manhattan  Railway  is  5.06  miles  long,  which,  with  double  track, 
sidings,  cross-overs  and  turn-outs,  aggregates  11.45  miles  of  single 
track. 

To  save  first  cost  and  operating  expenses,  the  i^ower  is  concentrated 
at  a  point  in  the  middle  of  the  line,  near  the  Hudson  River  front,  so  as 
to  obtain  free  condensing  water  and  to  handle  coal  throughout  by  the 
most  improved  machinery.  The  buildings  would  be  plain  brick,  and 
the  construction  throughout  would  be  as  cheap  as  consistent  with 
thorough  construction  and  the  highest  efficiency. 

Coal  would  be  unloaded  by  automatic  steam  shovels,  conveyed  to 
the  power  house,  elevated  and  distributed  liy  steam  jaower,  into  bunkers 
over  the  boilers,  saving  a  coal  yard,  and  permitting  the  coal  to  trim 
itself  by  gravity  and  fill  the  automatic  stokers  as  wanted,  by  opening 
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gates  in  the  down  spouts.  The  ashes  would  drop  by  gravity  into  con- 
veyors, to  be  delivered  automatically  on  the  ash  heajj.  This  construction 
makes  it  j)ossible  to  use  a  low  grade  of  anthracite  with  33  per  cent,  of 
soft  coal,  which  is  necessary  to  light  uja  the  fine  hard  coal  in  mechanical 
stoking.  The  mixture  would  cost  $2.25  per  ton  at  the  furnace  mouths. 
The  boilers  would  be  sectional  tubular  and  worked  at  180  i^ounds  per 
square  inch.  The  evaporation  with  this  inferior  coal  would  be  from  5 
to  7  pounds  of  steam  (perfectly  dry)  per  pound  of  fuel.  The  engines 
would  be  vertical  to  save  room,  triple  expansion  and  surface  con- 
densing, of  the  Corliss  type,  running  at  100  revolutions  per  minute, 
the  most  economical  type  known.  The  surface  condensers  would  nearly 
wipe  out  the  Croton  water  expenses.  Such  engines  would  consume  13 
pounds  of  steam  per  horse-power  hour,  but  on  such  variable  and  un- 
steady loads  would  average  about  16  pounds  per  horse-power  hour. 

The  shafting  would  be  arranged  in  sections  and  the  pulleys  would 
be  connected  by  friction  clutches. 

The  dynamos  would  be  located  above  the  engine  room  so  as  to  save 
ground  space  and  pull  against  the  main  pulleys,  of  various  types,  and 
fully  equipped  with  switches,  lamps,  resistances,  ammeters  and  volt- 
meters, cut-outs,  lightning  arresters,  etc.,  and  all  operated  from 
one  switch-board. 

It  would  be  necessary  to  carry  the  current  to  and  from  the  structure 
in  a  subway.  The  general  arrangement  of  conductors  would  be  the 
same  as  in  the  tests,  but  the  current  would  be  returned  through  both 
lines  of  rails  instead  of  one  line. 

The  motors  would  certainly  reqiiire  to  have  250  horse-power,  and 
pi'obably  would  be  driven  by  gears,  which  still'  retain  the  supremacy  in 
electric  railway  motors.  The  motors  would  have  four  coupled  drivers 
and  a  truck,  in  order  to  distribute  the  20  tons  of  weight  over  the  light 
structure  of  this  line.  The  jDresent  thirty-five  locomotives,  16  to  19  tons 
each,  are  too  light  for  service  on  the  other  lines,  and  would  be  sold. 
They  bring  when  sold  one-third  of  their  original  value.  The  present 
standard  engine  has  about  240  horse-power  and  weighs  47  000  pounds. 

As  the  cars  are  now  heated  by  live  steam  from  the  locomotives,  it 
would  be  necessary  to  re-equip  them  with,  preferably,  low-pressure 
steam  heaters,  so  as  to  utilize  the  present  radiators,  pipes  and  hose  con- 
nections. They  would  require  good  anthracite  coal,  such  as  is  used  to 
heat  the  stations. 

The  present  steam  vacuum  brakes  could  be  utilized  by  adding  a 
vacuum  tank  to  each  car,  and  placing  vacuum  pumps  on  the  car  or 
motor  axles  or  driving  them  by  electric  motors. 

It  would  not  be  advisable  to  substitute  incandescent  lights  for  the 
present  oil  lamps,  on  the  grounds  of  additional  outlay  and  cost  of 
operation,  and  the  transfer  of  cars  to  and  from  other  divisions  not 
equipped  with  electric  current. 
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The  shop  room  now  occupied  for  locomotive  and  car  repairs  would 
1)6  needed  for  the  same  number  of  cars  and  motors,  and  some  new  tools 
■would  be  required  for  making  and  repairing  electrical  machinery,  gear 
cutting  and  line  work. 

As  the  repair  shoj)  has  no  spare  room  and  is  7  miles  from  the  center 
of  tl)is  section,  it  would  be  necessary  to  build  a  small  repair  shop  along- 
side the  power  house  (not  shown  on  sketch),  containing  tools  suitable 
for  rej^airing  boilers  and  steam  pipes,  boring  and  facing  cylinders,  shaft 
and  pulley  turning,  shaft  seating  and  i^ulley  boring,  also  machinery  for 
rei^airiug  dynamos,  etc.  A  second  floor  would  be  added  in  which  would 
be  tl  e  switch-board,  ergineers'  and  clerks'  offices,  storerooms,  etc. 

The  present  shop  exjienses  (aside  from  locomotive  repairs)  would  be 
common  to  both  systems,  and  are  not  included  in  either  estimate. 

The  maximum  power  required  is  in  the  afternoon  service,  when 
twenty-two  trains  are  on  the  road  at  once.  The  train  schedule  shows 
fourteen  trains  starting  at  one  time,  three  running  with  power  between 
stations  and  the  balance  standing  or  moving  and  using  no  power. 

The  power  curve  shows  that  four  times  as  much  power  would  be 
required  to  oj^erate  the  trains  at  15  miles  per  hour  as  at  9^o-  miles  per 
Lour;  but  assuming  that  this  could  be  reduced  one-half,  and  deducting 
all  line  losses,  the  power  required  would  be  7  416  horse-power;  adding 
to  this  4  horse-power  per  train  for  line  losses,  engine,  shaft  and  dynamo 
lossf  s;  315  horse-power  for  braking,  and  980  horse-power  for  operating 
electric  lights  at  station,  steam  shovel,  conveyors,  elevators,  air,  feed 
and  circulating  pumps,  steam  stokers  and  shop  engine  and  tools,  we 
have  a  total  of  8  779  maximum  horse-power  required. 

The  present  consumption  of  coal  is  61.3  tons  per  day,  Avhich  includes 
4.7  tons  consume;]  in  steam-vacuum  braking,  making  6  000  stops  daily, 
and  an  average  daily  charge  of  15.62  tons  for  car  heating,  which  leaves 
41  tons  of  coal  daily  chargeable  to  jjropulsion  of  trains.  With  an  aver- 
age production  of  one  I.  H.  P.  per  hour  with  6  j)ounds  of  coal,  the 
average  daily  aggregate  horse-power  for  propelling  and  braking  trains 
bv  locomotives  is  16  787,  of  which  15  per  cent,  is  lost  within  the  locomo- 
tives, leaving  the  net  aggregate  horse-power  14  269  required  to  operate 
the  road  daily,  heating  excepted.  To  obtain  this  power  by  electricity 
with  a  consumption  of  2i  i^ounds  of  coal  i>ev  I.  H.  P.  hour,  and  charg- 
ing 7.09  I.  H.  P.  per  net  horse-power  recovered  on  the  track,  as  shown 
by  the  tests,  would  require  101168  I.  H.  P.  at  the  generating  station, 
which  would  require  101 1  tons  of  coal  daily.  Car  heating  will  average 
15.6  tons  of  station  coal  daily.  Great  care  and  judgment  were  necessary 
in  handling  the  motor,  and  two  men  were  required  to  operate  its  mech- 
anism. Hence  the  writer  considers  the  present  engineer  and  firemen 
would  make  a  competent  crew.  It  is  imperat>e  that  two  men  should 
be  aboard  of  each  motor,  even  if  all  the  regulating  and  oj)erating 
mechanism  could  be  handled  by  one  man. 
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Eeal  estate,  twenty-five  lots,  at  $15  000 $375  000 

Buildinp;s  be  acquired  and  torn  down 40  000 

Excavating  old  walls,  earth  and  mud,  including  pump- 
ing, at  $1  per  yard 

Slieathing  and  timbering  excavations 

Piling,  driven,  cut  and  capped,  at  $10  in  place 

Concrete  walls,  jjiers  and  foundations,  at  $Q  per  yard. 

Back-filling,  curbing,  paving,  and  flagging 

Portland  cement  floors,  at  S20  per  yard 

Brick  fronts,  walls  and  arches,  at  $20  jier  thousand . . 

Stone  sills,  caps  and  coj)iug 

Two  chimneys,  110  feet  high,  including  foundations, 
at  $iO  per  thousand 

Columns  and  brackets 

Rolled  floor  beams  in  place  and  bolted,  at  5  cents  per 
pound 

Poof  trusses  and  jiurlins,  at  8  cents  per  pound,  in  place. 

Corrugated  galvanized  iron  roofing,  No.  18,  at  15  cents 
per  square  foot 

Skylights,  gutters  and  leaders 

Coal-pocket  beams  and  i-iuch  steel  lining,  5  cents  per 
pound 

Brick  chimney  connecting  flues,  at  $25  per  thousand, 

Brick  setting  for  boiler?,  at  $25  per  thousand 

Sashes,  doors,  closets,  offices  and  other  carf)enter  work. 

Plumbing 

Painting 

Croton  water  connections,  tanks,  meters,  etc 

River   connections   for   condensing   water,  including 

trench  and  pipes  to  and  from  surface  condensers,  15  000 

Brick  conduit  from  power  house  to  railway  to  carry 

+  and  —  conductors 31  000 

Sectional  boilers,  twenty  of  600  horse-power  each,  at 

$12000,  including  reserve 240  000 

Feed  pumi^s  and  injectors 5  000 

Boiler  fittings,  including  damper  regulators 7  500 

Steam  piping  to  engines,  including  cojiper  bends  and 

corrugated  expansion  joints 24  000 

Seventeen  triiile-exj^ansion,  surface-condensing,  verti- 
cal Corliss  engines,  600  horse-power  each  (with 
40  000  pounds  16-feet  fly-wheels,  100  revolutions 
per  minute,  including  jackets,  air  pumps,  gauges 
and  fittings,  and  reserve  engines) 289  OOO' 

Exhaust  pijiing  to  condensers,  copjaer 6  000 

Seventeen  surface  condensers,  at  $2  500 42  500 

Circulating  jDumps 13  000 

Feed  heaters  (live  steam  in  conjunction  with  hot  well 

overflow) 9  000 

Shafting,  hangers,  pulleys  and  friction-clutches 48  000 

Belting 15  OOO 

Dynamos,  11  000  horse-power,  including  reserve 
power ;  Aviiing,  switches,  lamjas,  resistances, 
lightning  ari'esters,  voltmeters,  ammeters,  cut-outs 
and  switch-board 455  000 
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Oopper  conductors,  68  000  lineal  feet,  4.66  square 
inches  section,  machined,  jointed  and  laid,  at 
25  cents  per  pound $305  250 

Seven  thousand  insulated  clamijs  for  supporting  con- 
ductors   12  000 

Cross-wiring  and  connecting  rail  ends  for  conductors,  3  500 

Thirty-five  motors,  250  horse-power  each,  at  $18  000 

complete 630  000 

Additional  tools  required  at  repair  shops,  lor  electri- 
cal work,  gear  cutting,  shaft  and  pulley  turning, 
cylinder  and  pulley  boring,  and  including  shaft- 
ing, belting  in  small  repair  shop  adjoining 
power  house 40  000 

Car  heaters  to  replace  present  steam  heating  plant  in 

cars 92  500 

Power   brakes  for  cars  and  motors  to  replace  steam 

vacuum  brakes 42  500 

Lighting  jslant  for  power  house  and  rei:)air  shop 5  000 

Xioss  on  sale  of  thirty-five  locomotives  too  light  for  ser- 
vice on  other  branches  of  the  Manhattan  system 
(will  bring  one-third  of  original  value,  $4000) . .  93  350 

Labor  setting  up  engines,  boilers,  pumps,  piping, 
condensers,  shafting,  pulleys,  clutches,  belting, 
dynamos,  coal  shovels,  conveyors,  stokers,  etc. .  .  20  000 

Freights,  lighterage  and  transportation  of  materials. .  15  000 

Automatic  stokers,  including  down-sjDOuts,  branches 
and  gates,  engines  and  shafting,  hoppers,  grates 
and  ash-chutes 15  000 

Automatic  steam  shovels,  conveyors,  elevators,  dis- 
tributors, ash  conveyers  and  driving  engines  ....  61  000 

Steam  pipe  covering 4  000 

Two  electric  overhead  cranes  in  dynamo  room, 
capacity  15  tons,  with  tracks  and  girders,  four 
traveling  electric  hoists  in  engine  room,  and  tvro 
traveling  overhead  electric  cranes  in  repair  shop.  8  000 

Total $3  468  460 

Contractors'  j)rofits  and  contingencies 346  846 

Engineering  and  superintendence 40  000 

Total  construction  charge $3  855  306 

ESTDIATE   OF    OPERATING    ChAKGES  AgAINST  MoTIVE  PoWER. — OnE   YeAR, 

BY  Steam   Locomotives. 

Yearly  interest,  at  6  per  cent.,  on  locomotives,  coal 

and  water  stations $9  000  00 

Interest  on  present  shop  and  tools  not  included  in 
either  estimate,  and  interest  on  present  heaters 
and  vacuum  brakes  is  not  included  in  either 
estimate. 

Depreciation  and  re^iairs 24  472  97 

Total  cost  of  coal  on  board  locomotives,  consumed  in 

proijelling  trains,  heating  and  braking 90  914  77 


216         MOSS    ON    COMPARATIVE    TESTS    OF    ELECTRIC    MOTOR. 

Oil  and  waste $2  783  84 

Croton  water  tnx.  and  expenses 4  701  41 

Dispatchers  and  clerks 537  42 

Engineers  and  tiremen 84  213  49 

Other  labor,  hostler  =.,  wipers,  etc 9  725  90 

"Water  and  coaling  stations 711  30 

Operating  charge,  motive  j)ower,  one  year ....    S227  061  10 


Operating    Charges  Against    Motive  Power — One   Year,    by   Elec- 
tricity. 

Yearly  interest  on  construction  outlay $231  318  36 

Depreciation  and  repairs  of  plant,  average  at  10  per 

ceat 385  530  60 

Car  heater  coal  at  $i  per  ton  on  car 22  800  00 

Coal  burned  under  boilers  for  propelling  trains,  for 
braking,  pow^r-liouse  lighting,  coal  and  ash 
handling  machinery,  shop  machinery,  and  driving 
feed,  circulating  and  air  pumps: 

Total  coal  burned  under  boilers,  131  tons  daily, 

at  $2  2.5 107  583  75 

Motor  engineers,  same  as  locomotive  engineers 54  165  70 

Motor  assistant  engineers,  same  as  locomotive  fire- 
men       30  017  79 

Additional  force  employed  on  repairs  to  generating 
jilant,  and  additional  force  required  to  superin- 
tend and  operate  generating  station,  etc 60  000  00 

Dispatchers  and  clerks 537  42 

Oil  and  waste 5  000  00 

Dock  rental  for  coal  barges 6  000  00 

Removal  of  ashes 2  000  00 

Croton  water  tax  on  water  used  in  closets,  wash- 
stands,  cleaning  and  for  making  up  losses  in  hot 
feed  return  from  condensers 1  000  00 

Motive  power,  operating  charges,  one  year ....  $905  983  62 


Thus,  it  seems  that  the  cost  of  motive  power  hj  electricity  would  be 
about  nineteen  times  as  great  as  the  cost  of  steam  locomotives,  and  the 
cost  of  operation,  even  with  the  most  advanced  machinery,  and  with  a 
concession  of  twice  the  efficiency  found  in  the  tests,  would  be  3.99-|- 
times  as  much  as  with  the  present  steam  locomotives.  The  writer  hoi)es 
to  see  great  advancement  along  the  line  of  progress  in  transmitting 
power  by  the  electric  current,  and  believes  that  a  careful  study  of  the 
weak  points  in  electric  transmission  on  the  large  scale  of  these  experi- 
ments would  result  in  many  improvements.  Enthusiasm  will  not  solve 
the  problem.  All  sound  and  careful  engineers  and  scientists  are  anxious 
for  the  truth,  and  these  tests  and  figures  are  offered  as  the  result  of  an 
impartial  carrying  out  of  the  writer's  order  to  get  "  the  truth,  the  whole 
truth,  and  nothing  but  the  truth." 
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IREIGATIOI^    IN    INDIA. 


By  Hkrbert  M.  WrLsoN,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 

In  view  of  the  interest  which  is  at  present  taken  in  the  subject  of 
irrigation  development  in  the  "West,  it  will  be  well  to  observe  what  other 
countries  have  done  to  increase  the  amount  of  their  productive  agricul- 
tural land  by  its  means.  While  in  this  paper  it  is  proposed  to  discuss 
the  methods  and  results  of  scientific  irrigation  practiced  in  India,  refer- 
ence will  be  made  only  to  such  details  as  may  furnish  us  useful  examples 
because  of  the  similarity  of  the  conditions  under  which  they  exist  to 
those  to  be  found  in  our  own  country. 

The  necessity  of  a  more  thorough  and  systematic  development  of  our 
irrigation  resources  has  been  already  so  frequently  discussed  that  it  need 
not  be  farther  dwelt  upon  here,  as  it  is  generally  admitted  that  the 
utilization  of  the  waters  of  the  arid  West  for  purposes  of  irrigation  on 
a  concerted  scientific  plan  will  render  productive  many  millions  of  acres 
which  are  now  only  barren  desert,  and  will  furnish  homes  and  support 
for  millions  of  people. 
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The  conditions  under  wliich  Americans  must  undertake  these  enter- 
prises are  quite  different  from  those  existing  elsewhere .  Any  works 
which  we  may  construct  must  depend  for  their  utilization  and  revenues 
on  immigration,  as  they  will  be  undertaken  in  an  uninhabited  country. 
In  order  to  indue 3  this  immigration  the  people  must  be  convinced  of 
the  benefits  and  utility  of  irrigation. 

In  India,  on  the  contrary,  irrigation  works  have  frequently  been  un- 
dertaken in  regions  already  overj^opulated,  and  have  produced  a  revenue 
by  rendering  the  land  sufficiently  fertile  and  productive  to  support 
double  the  population  which  it  was  previously  capable  of  sustaining. 
This  has  been  accomplished  in  spite  of  the  fact  that  the  prejudices  to  be 
overcome  and  the  difficulties  encountered  in  inducing  the  people  to 
make  use  of  the  water  furnished,  were  probably  quite  as  great  as  we 
will  have  to   contend  with   in  encouraging  immigration  to   our  now 

desolate  wastes. 

Administkation. 

In  order  to  convey  a  clear  understanding  of  the  method  of  promot- 
ing irrigation  development  in  India,  it  is  essential  first  to  give  a  brief 
outline  of  the  present  attitude  of  the  English  rulers  toward  irrigation. 

At  first  the  government  permitted  private  corporations  to  construct 
and  operate  irrigation  works;  the  earliest  work  planned  by  British 
engineers  being  undertaken  by  a  private  corporation  on  a  guarantee  of 
interest  by  the  East  India  Company. 

During  the  past  thirty  years  the  government  has  been  very  active  in. 
the  promotion  and  construction  of  nearly  all  good  works  projected. 
These  projects  are  studied,  examined  and  reported  on  usually  several 
times  during  a  series  of  years,  and  when  the  government  is  finally 
satisfied  with  them,  either  as  financial  investments  or  as  measures  for  the 
relief  or  prevention  of  famine,  the  work  is  sanctioned  and  the  funds  for 
its  construction  appropriated. 

The  works  are  administered  by  the  Irrigation  Branch  of  the  Public 
Works  Department  of  India,  and  in  each  of  the  several  presidencies 
there  is  a  separate  head  of  this  branch,  who  is  the  secretary  to  the 
government  for  that  branch.  All  projects  originated  or  reported  on  by 
the  chief  engineer  of  the  presidency  must  be  sanctioned  and  submitted 
by  the  secretary  for  the  government  to  her  Majesty's  Secretary  of  State 
for  India,  from  whom  final  authority  to  act  must  always  emanate. 

The  government  has  absolute  control  over  all  waters  and  lands  which; 
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are  British  property,  exclusive  of  native  states  or  foreign  possessions, 
and  uses  the  water  to  the  best  advantage  for  the  irrigation  of  the  lands. 
After  a  work  is  constructed  the  government  still  retains  control  and 
management  of  all  canals  and  branches,  and  distributes  water  into 
village  or  communal  ditches.  These  latter  are  constructed  and  main- 
tained by  the  village  under  supervision  of  the  engineer. 

"Water  rates  are  assessed  on  the  area  irrigated,  and  vary  according  to 
the  nature  of  the  crop  raised,  as  this  affects  the  amount  of  water  which  is 
required  to  mature  it.  The  measurements  are  made  by  the  canal  officers, 
and  the  amount  due  from  the  different  villages  is  assessed  and  recovered 
by  the  revenue  collector  of  the  district. 

It  is  the  duty  of  the  Irrigation  Branch  to  devise  and  estimate  the  cost 
and  returns  from  irrigation  works,  as  well  as  to  construct  and  maintain 
them.     The  revenue  branch  levies  and  collects  the  taxes. 

The  head  engineer  of  a  presidency  is  the  chief  engineer.  Under  him 
are  superintending  engineers  who  have  the  sujiervision  of  a  great  canal 
system,  which  may  be  again  divided  into  several  divisions,  each  under 
the  char^  e  of  an  executive  engineer.  The  latter  have  direct  control  and 
management  of  works  and  are  assisted  in  constructive  details  by  assistant 
engineers,  under  whom  are  upper  subordinates,  with  sub-overseers  under 
them  again.  The  assistant  engineer  is  most  valuable  in  aiding  in  water 
distribution,  while  his  first  duty  is  in  the  execution  of  all  works.  Both 
he  and  the  executive  engineer  have  the  powers  of  deputy  magistrates 
for  the  protection  of  canal  property. 

The  executi\  e  engineer  is  assisted  in  revenue  and  judicial  matters  by 
a  native  deputy  magistrate  and  Zillahdars,  under  whom  again  are 
Ameens,  who  have  charge  of  the  water  measurements  and  revenue 
collections  as  assistants  to  the  Zillahdars.  The  charge  and  policing 
of  the  canals  is  under  the  Chokedars  or  constables. 

The  engineers  are  in  the  direct  line  of  jiromotion  by  seniority  and 
are  recruited  wholly  from  young  men  who  have  studied  especially  for 
the  service  at  Coopers  Hill  College  in  England,  or  at  Eoorkee,  or  some 
similar  college  in  India. 

The  positions  of  upper  subordinates  and  sub-overseers  are  filled  by 
young  men  who  have  studied  at  special  schools  maintained  in  India 
by  the  government,  and  are  chiefly  non-commissioned  officers  of  the 
army,  or  are  natives.  The  sub-overseers  are  almost  all  natives  ;  there 
are  also  a  few  natives  who  are  engineers. 


2"^0  WILSON   ON   IRRIGATION   IN   INDIA. 

Climate  and  Crops. 

In  India  two  crops  are  grown  in  each  year;  one  is  planted  shortly 
after  tlie  other  is  harvested.  The  year  is  divided  into  two  seasons  or 
croj^s,  the  Kharif  crop  and  the  Rabi  crop.  The  former  is  grown 
during  the  monsoon  or  rainy  season,  the  latter  in  the  dry  sea- 
son. 

Though  the  average  annual  rainfall  of  the  greater  portion  of  India 
is  very  large,  still  nearly  all  of  this  occurs  during  the  Kharif  crop,  and 
without  the  aid  of  irrigation  only  this  one  crop  can  be  grown  in  each 
year.  In  the  Punjab,  Northwest  Province,  Bombay  Presidency,  and  the 
larger  portion  of  Central  India,  the  rainfall  varies  in  the  lowlands  from 
20  to  40  inches  per  annum.  Of  this  not  more  thau  2  to  10  inches  fall  in 
the  Rabi  season.  From  the  above  considerations  it  will  be  seen  that  the 
conditions  are  very  similar  during  the  Kharif  season  to  those  existing 
in  our  eastern  States  where  irrigation  is  not  jiracticed.  During  the  Rabi 
season  the  climatic  conditions  are  quite  similar  to  those  of  our  arid 
regions. 

It  is  as  though  India  were  a  double  country,  one  of  which  is  humid 
and  the  other  arid. 

For  these  reasons  the  Kharif  season  will  not  be  considered  at  all  in 
the  following,  but  the  subject  will  be  dealt  with  as  though  India  had  but 
one  season  or  crop  in  the  year,  and  that  the  rabi. 

During  the  Rabi  or  autumn  season  the  climate  is  very  similar  to  that 
of  our  arid  regions  in  the  summer;  the  days  are  quite  warm,  the  nights 
cool  and  pleasant,  with  no  frosts  excepting  occasionally  at  the  foot  of 
the  Himalayas,  while  rain  seldom  falls  in  this  season. 

Southern  and  Central  India  and  the  Sind — the  Indus  Valley — are  in 
this  dry  season  very  similar  climatologically  to  Arizona,  Utah  and  the 
California  Valley  in  the  summer,  while  their  agricultural  products  are 
much  the  same.  The  Northwest,  Oudh  and  Punjab  are  like  Idaho, 
Montana  and  Colorado,  and  in  them  the  more  hardy  grains  and  vege- 
tables are  chiefly  grown. 

Owing  to  irrigation  during  the  Rabi  the  land  is  capable  of  sup- 
porting nearly  twice  the  population  which  it  would  otherwise  sustain. 
In  addition  large  tracts  of  heretofore  uncultivated  country  have  been 
rendered  productive,  and  thus  has  the  modern  development  of  irrigation 
not  only  freed  India  from  the  dread  of  the  fearful  famines  which  used 
to  decimate  her  population,  but  is  enabling  her  to  export  in  addition 
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such  large  quantities  of  grain  that  she  is  becoming  one  of  America's 
chief  competitors  in  the  wheat  markets  of  the  world. 

The  difficulties  attending  the  development  of  some  of  the  larger 
enterprises  which  opened  up  new  land,  and  the  obstacles  to  inducing  a 
suflficiont  immigration  to  these  lands  to  render  them  profitable,  are  quite 
equal  to  any  that  will  be  encountered  in  the  United  States,  though  from 
a  dififerent  cause.  The  trouble  with  us  will  be  to  find  enough  settlers  to 
make  the  works  pay  during  the  first  few  years  ;  while  in  India  there  is 
no  lack  of  people,  yet  old  and  conservative  customs  and  a  fondness  for 
the  places  in  which  families  have  lived  for  generations  render  it  very 
difficult  to  overcome  their  prejudices  and  superstitions  and  to  induce 
them  to  leave  their  anient  associations  and  tribes. 

Irrigation  Works. 

The  irrigation  works  of  India  are  divided  by  the  engineer  into  two 
great  classes,  Gravity  irrigation  and  Lift  irrigation.  The  former 
includes  three  main  heads,  viz. :  Inundation  canals,  Perennial  canals, 
and  Storage  works. 

Lift  irrigation  is  chiefly  illustrated  by  wells.  Of  these  there  is  little 
to  say,  though  the  area  irrigated  by  them  is  considerable.  They  are  iu 
a  country  where  labor  is  cheap,  and  are  very  useful  adjuncts  of  gravity 
irrigation,  utilizing  the  seej^age  water  from  the  canals  and  irrigated  fields 
which  would  otherwise  be  wasted.  Owing  to  the  cost  of  labor  they 
will  not  be  used  extensively  in  the  United  States  for  many  gener- 
ations. 

The  three  modes  of  raising  water  from  wells  are  the  mot  or  cliurus  in 
the  northwest  provinces.  Central  India  and  Bombay;  the  paecottah  in 
Bengal  and  the  Persian  wheel  in  the  Punjab. 

The  mot  consists  of  a  leather  bag  made  from  a  whole  ox  hide, 
which  is  lowered  into  (he  well  by  a  rope  passing  over  a  pulley  and 
when  filled  is  laised  by  two  bullocks  walking  away  down  an  incline  and 
drawing  the  rope  after  them.  When  the  bag  reaches  the  surface  it  is 
either  emptied  automatically  or  by  an  attendant.  In  Bombay  the 
bullocks  usually  return  by  walking  backward,  elsewhere  they  are  r.ot 
trained  to  do  this,  and  they  face  about  up  hill  before  returning.  Some- 
times two  yokes  of  biillocks  are  used  which  are  alternately  hitched  to 
the  rojie. 

From  the  Calcutta  Engineer's  Journal  it  aj^pears  that  two  bullocks 
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working  10  hours  a  day  for  a  seasoa  o^  ninety  days  will  raise  in  this 
way  162  000  cubic  feet  of  water  or  about  3|  acre  feet. 

The  paecottah  or  latha  is  the  ordinary  long  wooden  lever  or  well-sweep 
with  a  weight  at  one  end  and  a  bucket  suspended  from  the  other.  It  is 
worked  by  two  men,  and  it  is  estimated  that  they  will  water  thus  about 
one-half  acre  a  day,  or  three  acres  a  season. 

The  Persian  wheel  consists  of  a  large  wheel  revolving  in  a  shallow 
well  of  water.  This  wheel  carries  a  great  number  of  buckets  on  its  pe- 
riphery, and  these  lift  the  water  and  spill  it  into  a  trough  which  empties 
into  the  ditches.  The  wheel  is  turned  through  a  crude  gearing  by  two 
bullocks  which  walk  in  a  circle,  turning  a  horizontal  sweep.  By  this 
method  2  000  cubic  feet  of  water  per  day  may  be  raised.  In  the  North- 
west Province  alone,  during  1888,  there  were  in  all  1  517  300  acres  of 
land  irrigated,  of  which  358  600  acres  were  irrigated  by  wells,  the 
remainder  by  canals. 

Inundation  canals  are  used  chiefly  in  the  valley  of  the  Indus,  and 
as  they  have  no  permanent  headworks  they  depend  for  their  utility  on 
two  conditions,  which  are  generally  absent  in  the  United  States  : 

First. — The  stream  from  which  they  are  taken  must  flow  at  a  high 
level  relatively  to  the  surface  of  the  surrounding  country,  and  its  bed 
must  be  practically  on  the  summit  of  a  ridge,  as  is  the  case  with  the  lower 
Sacramento  and  Mississipj)i  Rivers. 

Second. — The  river  must  be  subject  to  great  annual  floods  lasting 
through  a  long  j)eriod  of  time.  Though  these  works  have  been  among 
the  most  profitable  in  India,  owing  chiefly  to  their  simplicity  of  con- 
struction, it  will  not  be  necessary  to  refer  to  them  again,  as  America  will 
probably  have  nothing  similar. 

The  Indian  financier  divides  the  irrigation  works  into  two  great 
classes,  called  Productive  works  and  Protective  works. 

Protective  works  are  such  as  were  constructed  originally  as  a  protec- 
tion against  famine,  and  have  been  sometimes  called  famine  relief  works. 
They  have  been  built  usually  during  famine  times,  in  order,  first,  to  give 
employment  to  the  people  so  as  to  sustain  them  at  the  time ;  second,  to 
furnish  water  as  a  protection  against  future  famines.  At  present  the 
majority  of  these  famine  works  consists  of  storage  reservoirs  and  tanks, 
which  are  located  in  the  central  and  southern  provinces.  They  have 
rarely  been  remunerative  investments.  The  general  cause  of  their 
unprofitableness  in  all  probability  lies  not  in  the  works  themselves  nor 
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in  their  uses,  but  in  the  conditions  under  which  they  are  utilized;  but  it 
is  uot  unlikely  that  similar  works  constructed  in  our  West,  under  the 
more  favorable  conditions  existing  there,  would  prove  as  remunerative 
as  the  perennial  c mals  of  India  have  done. 

It  roay  be  well  to  note  that  these  perennial  canals  of  tlie  northern 
provinces,  nearly  all  of  which  have  returned  regularly  from  4  to  7  per 
cent,  interest  on  the  money  invested,  have  been  constructed  in  barren 
and  uninhabited  country,  and  that  their  success  has  been  largely 
dependent  on  immigration. 

We  thus  see  that  under  conditions  similar  to  those  existing  in 
America  the  works  have  been  remunerative.  On  the  other  hand  the 
protective  works  have  all  been  undertaken  in  densely  populated  regions, 
where  in  ordinary  seasons  the  crops  are  sufficiently  good  to  support  the 
people,  but  where  in  very  dry  seasons  great  loss  of  life  is  caused  by  the 
failura  of  the  crops. 

Because  of  this  state  of  affairs  the  water  stored  in  these  protective 
works  remains  unused  for  a  succession  of  years  during  which  there  is  an 
abundance  of  rain  followed  by  a  dry  seison,  when  they  are  taxed  to  their 
utmost  capacity  to  supply  the  demands  made  iipon  them.  It  is  because 
of  their  long  periods  of  idleness,  during  which  no  revenue  is  returned, 
that  they  fail  to  be  productive.  Of  late  years  the  people  are  beginning 
to  use  them  more,  and  some  works  which  were  originally  protective, 
and  as  such  were  an  expense  to  the  government,  are  now  productive. 
Were  these  same  works  continuously  lased  each  year,  as  is  necessary  in 
America,  they  would  be  among  the  most  remunerative  in  India. 

The  fa?t  that  the  price  of  labor  in  India  is  so  much  less  than  with  us 
is  used  as  an  argument  that  we  cannot  compare  the  value  of  their  works 
with  ours,  yet  with  the  increased  amount  of  work  done  by  an  American 
laborer  compared  with  that  of  a  Hindoo  coolie,  and  with  the  aid  of  our 
many  mechanical  operations  as  against  their  manual  labor,  the  discrep- 
ancy in  cost  is  not  great.  Labor  costs,  for  women,  generally  four  cents 
per  day;  men,  eight  to  ten  cents.  Skilled  masons  get  from  eighteen  to 
twenty-two  cents  per  day,  and  carpenters  and  blacksmiths  a  little  less. 

At  Bhatgnr  Dam  the  uncoursed  rubble  masonry  work  cost  SI. 75 
per  cubic  yard,  and  at  Tansa  it  cost  82.50  per  cubic  yard.  At  Betwa 
reservoir  earth  excavation  in  canal  cuts  as  deep  as  40  feet  costs  six  and 
two-third  cents  per  cubic  yard,  while  surface  excavation,  with  short 
liaul,  costs  two  and  one-half  cents  per  cubic  yard.     Uncoursed  masonry 
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costs  $2  per  cubic  yard,  while  coursed  rubble  costs  S5. 75  and  ashlar  about 
$6.     At  the  same  place  brickwork  costs  S2.50  per  cubic  yard. 

The  returns  derived  from  irrigation  works  in  the  two  countries  are 
more  nearly  equalized  from  the  fact  that  we  can  imi^ose  a  much  higher 
tax  for  the  use  of  water,  or  a  higher  water  rate,  than  it  is  possible  to 
demand  of  the  poor  farmers  of  India  where  from  2  to  5  acres  support 
a  large  family. 

From  the  revenue  i-eport  of  the  Punjab  the  water  in  the  canals  appears 
to  have  done  the  following  duty  per  second-foot,  entering  at  the  head, 
viz. :  It  irrigated  from  70  to  150  acres,  and  produced  a  water  rate  or 
revenue  of  from  $iO  to  $100.  The  duty  on  the  supply  l^tilized  was  90  to 
200  acres,  and  from  $70  to  $125  per  second-foot,  while  the  water  rate 
charged  per  acre  irrigated  was  from  seventy  cents  to  $1.15. 

In  the  central  arid  regions  in  America  we  are  able  to  get  a  revenue  of 
from  $1.50  to  $3  per  acre  irrigated,  which  is  equivalent  for  a  duty  of  80 
acres  per  second-foot,  to  from  $120  to  $240  per  second-foot  utilized.  In 
California,  where  water  is  scarce  and  the  crops  valuable,  the  rate  is 
often  many  times  higher,  giving  a  proportionately  high  duty  per  second- 
foot. 

The  areas  of  land  under  irrigation  in  the  various  i^residencies  in 
India  are  enormous.  The  following  table  gives  a  statement  of  a  few  of 
the  important  features  of  the  principal  canals  in  the  Punjab: 

Peeennial  Canals. 
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river  in  secoud-feet 

1  172 

4  067 

1698 

3  591 

43  331 

53  839 

Maximum     discharge    of 

canal  in  second-feet 

700 

3  000 

4  000 

5  130 

12  000 

24  830 

Gross  area  commanded  in 

125  000 
110  000 

2  000  000 
550  OOii 

1  500  000 
525  000 

5  425  000 
800  000 

4  500  000 
1  400  00(1 

13  550  000 

Area  irrigable  in  acres... 

3  385  000 

$1  400  000 

$4  375  000 

$5  250  000 

$15  125  000 

$2  475  000 

$28  625  000 

Miles  of  main  canals  and 

distributaries 

116 

1185 

1420 

4  960 

3  760 

11460- 

The  al)ove  table  is  given  merely  as  an  example  of  the   extent  and 
immensity   of    the   irrigation  works   in   one  province.     Those    in   the 
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Northwest  Provincp,  Bengal,  Sind  and  Madras  are  nearly  of  equal 
magnitude,  besides  wbicli  tliere  are  manv  smaller  works  in  these  and 
the  other  provinces. 

The   principal  crops  gi'own  in  the  northern  provinces  are  grains* 
such  as   -wheat,   maize,    barley,   millet,    peas   and  lentils;   also  indigo 
cotton,  rice,  sngar-cane  and  hay.     The  method  of  irrigating  is  similar 
to  that  pursued  in  this  country,  and  varies  with  the  crop,   soil  and 
slope  of  the  fields. 

The  subject  of  water-logging  and  the  consequent  production  of 
fevers,  the  rise  of  the  level  of  the  subsurface  water,  and  the  production 
or  efflorescent  salts,  alkali  or  reh,  are  subjects  all  of  which  have 
greatly  troubled  the  Indian  engineers,  as  they  do  ours.  Generally  it  has 
been  found  that  where  irrigation  is  practiced  the  level  of  the  water  in 
wells  has  risen  slowly  but  j^erceptil  ly.  Water-logging  and  consequent 
fevers  occur  rarely  and  only  in  special  localities  where  the  drainage  is 
bad,  and  in  such  places  there  seems  to  be  no  remedy  but  the  artificial 
drainage  of  the  country.  In  low-lying  regions  having  heavy  close  soils 
it  is  advantageous  and  profitable  to  carry  on  a  system  of  drainage 
parallel  with  the  irrigation. 

Likewise  in  a  few  limited  areas  the  presence  of  alkali  has  become  so 
abundant  as  to  kill  all  vegetation  and  render  the  soil  barren.  This  also 
is  due  to  lack  of  drainage  and  the  consequent  evaporation  of  water  from 
the  surface  of  the  soil  leaving  the  saline  matter  behind. 

Perennial  canals  are  taken  chiefly  from  the  great  perennial  rivers 
which  issue  from  the  Himalayas,  from  whose  snows  they  receive  a  never- 
failing  supply  of  water.  These  rivers  are  very  large,  such  as  the  Indup, 
Sutlej,  Jumna  and  Ganges,  none  of  which  discharge  much  less  than 
5  000  second-feet  at  their  lowest  periods,  while  some  of  them  discharge 
many  times  that  volume.  At  high  flood  they  increase  to  from  300  OOO 
to  over  1  000  000  second-feet.  Though  no  f  uch  streams  as  these  exist 
in  the  arid  region  of  America,  still  a  few,  such  as  the  Columbia, 
Missouri,  Eio  Grande  and  Sacramento  discharge  large  volumes  of  water, 
much  of  which  may  at  some  future  time  be  utilized.  The  methods 
employed  in  diverting  and  using  these  great  streams  of  India  may  be  of 
interest  to  us. 

The  topography  of  the  Punjab  and  Northwest  Provinces  at  the  foot 
of  the  Himalayas  is  very  similar  in  many  respects  to  that  of  the  greats 
California  Valley,  or  of  the  Colorado  plains  at  the  foot  of  the  Eockies, 
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while  the  rivers  issue  from  the  foot  hills  much  as  the  Sacramento, 
Feather  and  Mokelumne  do  from  the  Sierras,  or  the  Arkansas  from  the 
Rockies. 

At  the  points  of  diversion  of  their  waters  these  Indian  rivers  have 
much  the  same  slopes  as  those  of  California,  and  may,  in  all  of  their 
characteristics  of  surrounding  topography,  be  compared  to  them. 

The  whole  of  the  great  agricultural  valley  or  plain  on  the  southern 
slope  of  the  Himalayas,  extending  1  500  miles  east  and  west,  and  200 
miles  north  and  south,  is  drained  by  two  main  rivers,  the  Indus  and  the 
Oanges.  The  tributaries  of  these  rivers,  flowing  southward  out  of  the 
mountains,  suddenly  emerge  on  the  open  plain  with  a  fall  at  first  of 
from  10  to  20  feet  per  mile,  which  rapidly  diminishes  to  a  foot  or  two 
per  mile. 

In  consequence  of  this  latter  low  slope  the  canals,  in  order  to  get  a 
sufficient  grade  to  carry  them  to  the  summits  of  the  doabs,  or  interfluves 
between  the  streams,  must  be  taken  from  the  rivers  as  soon  as  they 
emerge  from  the  hills.  The  chief  objection  to  this  location  of  the  head 
works  is  that  the  first  score  of  miles  of  the  canal  has  to  encounter  con- 
siderable cross  or  side  drainage,  calling  for  the  construction  of  many 
aqueducts,  superpassages,  siphons  and  other  expensive  devices. 

The  general  plan  pursued  is  to  locate  the  diversion  weir,  not  at  the 
Barrowest  part  of  the  stream,  but  at  a  relatively  wide  place,  the  cause 
being  the  great  volumes  of  flood  water  to  be  contended  with;  and  the 
ol)ject  is  that,  by  having  a  wide  water  way,  the  height  of  the  flood  of 
water  passing  over  the  weir  shall  be  as  little  as  jiossible.  These  con- 
ditions do  not  exist  with  us  to  the  same  extent,  and  the  same  reasons 
for  choosing  a  broad  bed  of  the  river  for  the  weir  site  are  not  so 
binding. 

The  first  consideration  in  designing  a  canal  is  the  source  of  supjoly. 
This  may  ba  from  a  perennial  stream  or  from  storage  reservoirs.  In 
either  case  it  will  be  necessary  to  make  a  thorough  examination  of  the 
hydrography  of  this  source  in  order  to  make  certain  of  the  quantity  of 
water  available.  This  being  known,  one  of  the  most  important  con- 
siderations remaining  in  relation  to  the  location  of  the  head  works  is  the 
point  on  the  river's  course  at  which  the  canal  will  be  taken  oflF.  This 
must  be  high  enough  up  on  the  river  to  command  sufficient  level,  and  if 
possible  to  tap  the  stream  where  the  water  is  clear  and  not  laden  with 
silt. 
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lu  order  to  determine  the  quantity  of  water  required  tlie  area  of 
irrigable  land  must  be  ascertained  and  the  duty  of  the  water  for  the 
crops  and  soil  determined.  The  duty  of  water  is  the  area  of  land  which 
a  fixed  unit  of  water  will  irrigate.  In  India,  as  in  America,  the  unit 
adopted  is  one  cubic  foot  per  second  of  flow,  though  in  our  mining  regions 
the  miners'  inch  is  still  in  common  and  popular  use.  When  we  say  that 
the  duty  of  water  is  80  acres,  we  mean  that  one  cubic  foot  per  second,  or 
as  it  is  better  expressed,  a  second-foot  of  water,  flowing  throughout  the 
irrigation  season,  will  irrigate  80  acres.  In  speaking  of  the  volumes  of 
flow  of  streams  we  say  that  they  discharge  so  many  second-feet.  In 
■speaking  of  the  contents  or  capacities  of  storage  reservoirs  the  Indian 
engineers  quote  them  as  holding  so  many  cubic  feet  of  water.  This 
unit  becomes  cumbersome  in  dealing  with  the  thousands  of  millions  of 
cubic  feet  which  a  large  reservoir  will  store.  The  practice  of  the 
engineers  of  the  U.  S.  Geol  igical  Survey  is  to  quote  capacities  in  acre- 
feet— that  is,  the  quantity  of  water  necessary  to  cover  an  acre  1  foot  in 
depth,  or  iS  560  cubic  feet. 

We  may  speak  of  the  duty  of  water  by  saying  that  so  many  acre-feet 
or  fractions  thereof  are  necessary  to  irrigate  an  acre.  Thus  in  Colorado 
between  1  and  1^  and  2  acre-feet  are  necessary  to  irrigate  an  acre.  The 
duty  of  a  second-foot  of  water  may  be  spoken  of  in  financial  terms  by 
saying  that  it  is  worth  so  many  dollars.  Thus  by  irrigating  a  given 
number  of  acres  it  will  produce  a  revenue  of  that  many  dollars. 

The  duty  of  water  dififers  very  widely,  and  is  as  yet  but  roughly 
known  for  the  various  sections  of  our  own  country.  In  the  central  arid 
regions  it  varies  according  to  circumstances  from  50  to  100  acres  irri- 
gated per  second-foot. 

In  designing  canals  in  India  the  expenditure  of  water  is  sometimes 
reckoned  per  linear  mile  of  canal,  and  this  has  been  found  to  be  from  6 
to  8  cubic  feet  per  mile.  Such  a  method  of  computation  is  only  possible 
•when  the  main  and  branch  lines  of  canal  have  been  determined  previ- 
ously, when  it  is  very  convenient  for  calculation,  as  it  enables  the 
engineer  to  regulate  the  cross-section  of  the  canal  along  its  entire  length, 
diminishing  it  as  the  water  is  expended. 

It  is  customary  in  India  to  try  and  give  a  proportion  of  width  to 
depth  of  the  channel  corresiDonding  to  that  which  the  natural  streams  in 
a  given  locality  have  created  for  themselves.  In  very  wide  canals  this 
varies  usually  from  one  in  thirteen  to  one  in  fifteen  ;  in  smaller  canals, 
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however,  this  ratio  will  be  greatly  reduced.  A  rule  used  on  the  Soane 
canals  for  determining  the  ratio  of  width  to  depth  is  to  make  the  bottom 
width  equal  to  the  depth  plus  one  squared. 

The  slope  of  the  sides  of  the  canal  will  dififer  greatly  and  be  depend- 
ent chiefly  on  the  soil  in  which  it  is  excavated.  The  slope  of  the  bed 
of  the  canal  is  also  a  variable  quantity,  likewise  dejiending  largely 
on  the  soil.  If  too  great  the  bed  of  the  canal  will  be  eroded ; 
if  too  small  silt  may  be  deposited,  weeds  grow  and  clog  the  water 
way,  and  in  order  to  carry  a  given  quantity  of  water,  the  cross-section 
of  the  canal,  and  hence  its  cost,  be  increased  as  its  slope  diminishes. 
Accordingly  it  is  considered  best  to  err  on  the  safe  side  and  give 
the  greatest  slope  apparently  desirable.  In  case  too  great  a  slope  has 
been  given,  or  the  country  falls  too  rapidly,  this  may  be  remedied  by 
introducing  falls  or  rapids  in  the  channel  to  diminish  the  general  slope, 
and  so  concentrate  the  loss  of  grade  in  a  few  places. 

The  minimum  velocity  given  in  India,  sufficient  to  prevent  the  growth 
of  weeds  and  the  deposit  of  silt,  is  about  1^  feet  per  second.  This  is  too 
low  according  to  American  exi^erience,  and  we  usually  consider  that  in 
our  climate  and  soils  from  2i  to  3^  feet  i)er  second  is  a  minimum.  The 
maximum  varies  greatly  with  the  soil,  though  in  ordinary  earth,  not 
grave),  it  will  seldom  exceed  4  feet  per  second. 

In  a  report,  Major  Crofton,  E.E.,  late  Inspector  General  for  irriga- 
tion in  India,  says  :  "In  very  sandy  soil  a  mean  velocity  of  2.5  feet  is 
best;  in  light  and  sandy  soil  3  feet;  while  heavier  soils,  if  sandy,  will 
stand  3.5  feet  per  second." 

Most  of  the  larger  canals  of  India  were  designed  for  navigation  as 
well  as  irrigation,  but  since  the  introduction  of  good  wagon  roads  and 
of  railways,  the  necessity  of  using  canals  for  isurposes  of  inland  traffic 
has  greatly  diminished,  and  it  is  now  generally  considered  not  advisable 
to  make  the  canals  navigable.  There  are  several  reasons  for  this  :  a 
nav  gable  canal  is  far  more  exjiensive  to  construct  and  maintain,  since 
owing  to  its  low  grade  the  cross-section  must  be  made  large  in  order  to 
carry  the  water  needed.  Then  the  bridges  must  be  made  higher,  and 
the  drainage  works  required  are  of  the  more  expensive  kind,  such  as 
aqueducts  and  superpassages  instead  of  simpler  constructions.  More- 
over, it  is  wasteful  of  water,  for  a  certain  large  volume  must  flow 
through  the  canal  for  jsurposes  of  navigation  only.  Owing  to  the  light 
grade  necessary  on  navigable  canals  much  silt  is  deposited  and  the 
growth  of  weeds  encouraged,  adding  to  the  cost  of  maintenance. 
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The  banks  of  navigable  canals  are  generally  cut  for  laterals  or  dis- 
tributaries as  seldom  as  possible.  AccorJingly  smaller  parallel  canals 
are  constructed  on  either  side,  tapping  the  main  one  at  long  distances, 
while  smaller  distributaries  are  taken  from  these  at  convenient  places. 
Oue  reason  for  this  is  to  avoid  injuring  the  banks  of  the  main  canal  by 
too  many  breaks,  but  the  principal  reason  is  because  the  fall  of  the  navi- 
gable canals  1  eing  very  small,  the  upper  end  of  a  level  will  be  too  far 
below  the  surface  of  the  surrounding  country  to  permit  laterals  to  be 
diverted,  while   the   parallel  canals   can   be   kept  near   or  above   the 

surface. 

Diversion  Weeks. 

The  diversion  weir  at  the  head  of  a  canal  must  be  high  enough  to 
raise  the  water  at  low  stage  into  the  canal.  In  India  these  weirs  are 
generally  from  10  to  15  feet  above  mean  water,  though  in  some  cases 
they  are  much  higher,  notably  the  weir  at  Vir  on  the  Nira  Kiver,  which 
is  43  feet  in  height.  The  canal  should  start  out  as  nearly  as  possible  at 
right  angles  to  the  course  of  the  river,  and  at  its  head  there  must  be  a 
set  of  regulating  gates  to  control  the  amount  of  water  admitted.  A  set 
of  flushing  sluices  is  inserted  in  the  weir  at  the  end  adjacent  to  the 
canal  head,  giving  a  free  sweep  of  the  stream  past  the  mouth  of  the  canal 
to  prevent  the  deposit  of  silt  at  its  entrance.  The  sluices  are  furnished 
with  gates  which  can  be  closed  when  the  river  is  low  in  order  to  raise 
the  water  to  the  height  of  the  top  of  the  weir. 

The  diversion  weir  is  always  constructed  of  masonry,  and  is  usually 
intended  to  jjermit  flood  waters  to  pass  over  it,  though  in  some  special 
cases  the  level  of  the  water  is  raised  by  means  of  a  weir  that  is  practi- 
cally a  long  set  of  sluice  gates  extending  the  whole  width  of  the  river. 
In  times  of  flood  these  can  be  raised  high  above  the  stream  or  removed, 
thus  i)ermitting  the  free  flow  of  the  water.  The  reason  for  this  form  of 
construction  is  that  the  grade  of  the  stream  is  very  low  at  tie  point 
where  it  is  dammed.  In  flood  an  ordinary  weir  would  so  raise  the  height 
of  the  river  as  to  submerge  the  country  and  cities  above  it. 

Div.  rsion  weirs  in  India  may  or  may  not  be  oj^en.  The  advantage 
of  the  closed  or  solid  weir  is  that  it  is  self-acting,  and  if  well  made  costs 
little  for  repairs  or  maintenance.  Its  first  cost  is,  however,  greater  than 
that  of  an  open  weir,  and  it  interferes  with  the  regimen  of  the  river, 
causing  dejiosits  of  silt  above  it,  and  perhaps  causing  the  river  to  seek 
another  channel.     With  the  open  or  sluice  gate  weir  interference  with 
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the  normal  action  of  the  river  is  reduced  to  a  minimum.  The  scour  pro- 
duced by  opening  the  gates  prevents  the  deposit  of  silt,  and  its  first  cost 
is  less  than  that  of  a  closed  weir. 

^Indian  experience  has  proven  that  a  deej)  and  firm  foundation  for  low 
diversion  weirs  over  which  great  floods  may  pass,  is  unnecessary  to  in- 
sure their  integrity.  In  several  cases,  notably  weirs  at  the  head  of  the 
Agra,  Lower  Ganges  and  Soane  canals,  Avhere  the  depth  of  the  sand  in 
the  river  bed  is  great,  the  weirs  are  founded  on  "wells  "  or  coflfer  dams 
made  of  brick  or  masonry,  sunk  in  the  sand  to  a  depth  of  10  to  20  feet 
or  more,  and  on  these  the  superstructure  has  been  erected. 

As  an  example  of  well  sinking,  those  used  for  the  foundations  of  the 
Nadrai  Aqueduct  on  the  Lower  Ganges  Canal  were  sunk  to  an  average 
depth  of  56  feet.  There  were  102  wells,  20  feet  in  extei*nal  diameter, 
and  166  wells,  12  feet  in  diameter.  Great  care  had  to  be  used  in  exca- 
vating the  sand  from  the  interior  of  these  wells  in  order  to  cause  them 
to  sink  vertically,  and  this  was  done  chiefly  by  dredging  from  either 
side  according  as  the  well  got  out  of  perjiendicular.  Sometimes,  and 
especially  in  clay,  the  wells  got  stuck  and  failed  to  sink,  when  it  became 
necessary  to  load  them  with  railroad  iron  or  a  temporary  superstructure. 
To  test  their  resistance  against  subsidence,  some  of  the  wells,  after  they 
were  hearted  with  concrete,  were  loaded  with  a  great  temporary  suioer- 
structure  of  bricks,  which  in  the  case  of  one  well  weighed  1  541  tons 
when  the  total  subsidence  was  but  1.1  inches. 

Wells  and  blocks  are  built  in  single  or  double  rows,  the  distance 
between  wells  being  2  or  3  feet  only,  while  between  rows  it  may  be 
several  yards.  They  are  from  10  to  20  feet  in  exterior  diameter,  the 
former  cylindrical  in  form,  the  latter  rectangular,  with  walls  from  2  to  4 
feet  in  thickness,  and  are  shod  with  an  iron  cutting  edge.  They  are 
bui.t  up  as  the  sand  is  excavated  from  their  interiors  and  as  rapidly  as 
they  sink.  When  completed  they  are  usually  hearted  with  rubble  or 
cement,  and  the  spaces  between  the  wells  or  blocks  in  any  row  are  filled 
with  cement  or  dry  stone  packing,  and  on  this  artificial  foundation  the 
weir  or  other  superstructure  is  erected. 

Weirs  in  rivers  haviug  great  flood  discharges  are  sometimes  made 
very  low  and  flat,  with  an  up  stream  slope  of  from  1  on  10  to  1  on  16, 
and  are  constructed  with  two  or  three  central  longitudinal  walls  of 
masonry  extending  the  entire  width  of  the  river,  and  between  these 
loose  rock  filling  is  placed. 
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The  Soane  weir  at  Dehree  is  12  470  feet  long  and  19.3  feet  high.  It 
consists  of  three  parallel  walls  of  masonry  running  across  the  river  and 
founded  on  wells,  and  between  these  walls  is  dry  rock  packing.  The  up 
stream  slope  is  1  on  3  while  the  down  stream  face  is  1  on  12.  The  height 
of  this  weir  is  increased  by  placing  on  its  top  a  row  of  iron  shutters  each 
18  feet  long  and  22  inches  high.  In  time  of  flood  these  fall  automatically. 
In  great  flood  this  river  discharges  1  200  000  second-feet  of  water  over 
the  weir.  The  height  of  the  weir  above  the  sill  is  but  8  feet,  and  its 
width  on  top  is  5  feet. 

A  peculiar  weir  is  that  at  the  head  of  the  Lower  Ganges  Canal  at 
Narora.  It  is  constructed  entirely  of  brick  built  into  walls  and  founded 
on  wells.  The  tail  below  the  brick  apron  is  dry  jsacked  rock.  The  weir 
is  7  feet  wide  on  top  aud  the  wells  are  sunk  but  6  feet  below  the  river 
bed.  The  cross-section  of  the  weir  is  rectangular,  allowing  a  vertical 
drop  of  9^  feet  on  the  down  stream  side  to  a  cement  floor  founded  on 
wells.  The  total  length  of  the  masonry  and  pitched  flooring  below  the 
weir  is  146  feet. 

On  boulder  foundations  a  diflferent  weir  is  erected,  and  it  may  be  given 
a  much  steeper  slope  on  the  down  stream  face.  In  one  notable  case, 
that  of  the  head  of  the  Ganges  Canal  at  Hurdwar,  a  temporary  boulder 
dam  of  loose  stones  is  built  up  each  year,  as  it  is  washed  away  annually 
by  the  floods.  This  weir  consists  really  of  three  parallel  weirs  across 
the  channel,  placed  one  below  the  other,  so  that  the  water  leaking  through 
the  loose  round  stones  of  which  they  are  composed  is  caught  by  the 
weirs  below. 

Where  a  good  rock  foundation  is  to  be  had  near  the  surface  the 
weir  is  given  an  entirely  different  cross-section,  and  is  constructed  of 
masonry.  If  the  overfall  height  is  not  great  it  may  be  nearly  vertical 
up  stream  and  will  have  a  slight  slope  of  about  4  ou  1  down  stream.  Or 
it  may  be  sloped  up  stream  and  be  vertical  down  stream,  thus  giving  a 
clear  overfall  for  the  flood  waters,  which  will  then  fall  on  a  water  cushion 
formed  by  a  subsidiary  weir  placed  below  the  main  weir. 

The  flushing  sluices  placed  in  an  open  weir  consist  of  a  number  of 
masonry  piers  placed  at  regular  intervals  apart,  and  grooved  for  the 
reception  of  jjlanks,  needles  or  gates  by  which  the  water  can  be  kept 
under  control.  The  intervals  between  the  piers  are  from  6  to  12  feet, 
while  the  depth  of  the  gate  is  equal  to  the  height  of  the  weir.  A  ma- 
sonry flooring  is  carried  across  the  entire  width  of  the  sluice-way,  flush 
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Nadrat  Aqueduct. 

Nadrai  Aqueduct  over  Kali  Nadi  Torrent.  General  view  sinking 
^' wells  "  for  foundations  of  piers.  In  foregi-ound  wells  for  a  pier  have 
been  sunk  to  full  depth,  56  feet  below  ground  surface.  In  mid  distance 
a  well  20  feet  diameter  loaded  with  a  temporary  superstructure  of  1  541 
tons  of  bricks  to  test  resistance  to  subsidence.  Beyond  it  a  group  of 
four  12-foot  wells  loaded  with  2  172  tons  of  brick  to  test  them.  In 
distance,  sinking  of  wells  in  progress. 
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■with  the  river  bed,  and  is  carried  well  into  the  bank  of  the  river,  which 
is  protected  by  a  curtain  wall  of  masonry  up  and  down  stream. 

In  the  case  of  rivers  subject  to  sudden  floods  it  is  well  to  have  drop 
gates  which  fall  either  automatically  or  with  little  labor.  These  gates 
are  usually  hinged  to  the  flooring  of  the  sluice- way  and  are  held  up  by 
chains  attached  to  the  piers.  In  the  great  weir  at  the  head  of  the  Soane 
Canal  at  Dehree  there  are  two  sets  of  gates.  The  down  stream  gates  are 
hinged  to  the  floor  by  an  iron  strut  which  is  hinged  to  the  up  stream 
side  of  the  gate  below  its  center.  When  dropped  they  fall  into  a  water 
ciishiou  which  eases  the  shock.  The  up  stream  gates  are  hinged  at  their 
bottoms  and  fall  up  stream.  When  raised  the  force  of  the  shock  caused 
by  the  sudden  pressure  of  the  water  behind  is  relieved  by  a  set  of  pistons 
working  in  cylinders  containing  water  and  having  five  holes  each.  When 
all  are  open  and  it  is  desired  to  close  the  gates,  the  up  stream  gates  are 
first  raised ;  this  removes  the  water  pressure  from  the  down  stream  gate, 
which  can  then  be  raised.  Then  the  up  stream  gate  is  lowered  again, 
and  when  a  flood  rises  to  the  top  of  the  lower  gate  the  latter  falls  auto- 
xaatically. 

At  the  head  of  the  canal  a  set  of  regulating  gates  must  be  constructed 
large  enough  to  admit  as  much  water  as  the  canal  will  carry,  and  by 
means  of  which  the  amount  of  water  admitted  to  the  canal  can  be  con- 
trolled. These  regulators  consist,  like  the  sluice-way,  of  a  set  of  grooved 
piers  resting  on  a  firm  foundation  carried  across  the  canal  ted.  Flood 
or  automatic  drop  gates  are  not  necessary,  but  the  water  admitted  may 
be  controlled  by  a  set  of  simple  planks  or  by  a  gate  raised  and  lowered 
vertically.  These  gates  are  usually  raised  by  a  windlass  and  chain, 
but  in  some  cases,  where  under  considerable  pressure,  they  are  raised 
and  lowered  by  a  hand  lever  working  a  screw. 

In  the  case  of  streams  which  carry  much  sediment  in  suspension, 
and  also  in  order  to  establish  complete  control  over  the  water  after  it 
enters  the  canal,  it  is  necessary  to  construct  escapes  or  flushing  channels 
at  intervals  along  the  line  of  the  canal.  These  escapes  are  to  a  canal 
what  safety  valves  are  to  a  steam  boiler,  and  on  most  canals  are  provided 
at  intervals  of  Irom  30  to  40  miles  along  its  course.  The  first  and  main 
escape  is  placed  about  half  a  mile  or  more  below  the  canal  head,  and 
should  be  closed  with  a  set  of  regulating  gates.  When  it  is  desirable  to 
scour  out  the  silt  which  has  accumulated  in  the  canal  above  the  escajie, 
the  latter  is  opened  and  a  large  head  of  water  is  let  into  the  canal  and 
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runs  off  through  the  escape,  thus  cleaning  out  the  canal  above.  It  is 
usual  in  such  cases  to  decrease  the  slope  of  the  canal  for  a  short  distance 
below  its  head  in  order  to  cause  the  deposition  of  matter  carried  in 
suspension  between  the  head  and  the  escaj)e. 

The  escapes  along  the  line  of  the  canal  permit  the  discharge  of  local 
drainage  which  has  been  allowed  to  enter,  and  make  it  possible  to 
empty  the  canal  rapidly  when  it  is  necessary  to  repair  or  clean  it. 
These  escapes  should  also  be  provided  with  head  or  regulating  gates, 
and  should  have  a  capacity  sufficient  to  discharge  the  whole  volume  of 
the  canal  rapidly,  and  to  do  this  must  have  a  much  steeper  slope  than 
the  canal. 

As  the  natural  fall  of  the  country  through  which  a  canal  runs  is 
usually  greater  than  the  slope  of  the  canal,  it  becomes  necessary  to  com- 
pensate for  t'lis  difference  of  slope,  and  this  is  done  by  concentrating  it 
in  a  few  points  where  vertical  falls  or  rapids  are  introduced.  Their 
location  is  usually  decided  by  the  place  where  the  canal  becomes  too 
high  above  the  surface  of  the  gi'ound,  and  in  India  their  exact  position 
is  usually  made  to  coincide  with  that  of  a  bridge  or  similar  work  ia 
order  to  economize  masonry  construction. 


Ogee  Falls  Cross-Section. 

Ogee  falls  were  adopted  first  on  the  Ganges  Canal,  and  are  of 
the  shape  shown  by  the  diagram,  the  intention  of  the  design  being 
to  break  the  force  of  the  fall.  They  were  about  8  feet  high,  but 
the  shock  of  the  fall  was  so  great  that  they  have  been  modified  so  as  to 
give  two  vertical  falls,  the  lower  of  which  drops  into  a  water  cushion, 
greatly  diminishing  the  shock.  On  some  canals  the  action  is  still  less- 
ened by  making  the  water  play  over  a  wooden  grating,  which  reduces 
the  shock  by  dividing  the  stream  into  a  number  of  fine  threads.  These 
falls  are  invariably  constructed  of  masonry  laid  on  a  dee}?  and  firm  foun- 
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flation,  the  banks  are  protected  by  masonry  and  jmving  for  some  dis- 
tance below  the  fall  as  is  also  the  bed  of  the  canal,  and  the  flooring 
terminates  in  a  row  of  sheet  piling.     The  fall  is  divided  usiially  into 


Cross-Section,  Veetical  Fall  with  Wateb  Cushion. 

longitudinal  compartments,  so  that  when  repairs  are  necessary  one  i^or- 
tion  can  be  laid  bare  at  a  time. 

The  effect  of  the  fall  is  to  hasten  the  velocity  of  the  water  in  the 
canal  above  it,  and  as  this  produces  dangerous  scour  it  has  been  found 
necessary  to  head  uj)  the  water  above  the  fall  by  raising  a  low  weir  on 
its  crest. 

Instead  of  falls,  rapids  have  been  constructed  with  success  on  the 
Bari  Doab  Canal.  The  slope  of  the  rapid  is  paved  with  loose  boulders 
which  are  confined  by  walls  of  masonry  at  intervals  of  40  feet  longitud- 
inally and  across  stream.  Dry  boulder  or  rock  is  not  to  be  depended 
on  for  velocities  over  15  feet  per  second,  and  the  slope  must  be  modified 
accordingly  or  masonry  used.  The  result  of  experience  shows  that  ver- 
tical falls  with  wooden  gratings  and  water  cushions  are  the  best  form 
yet  tried.  On  smaller  canals  and  distributaries  the  falls  are  generally 
into  masonry  tanks,  the  bottom  of  which  is  below  the  bed  of  the  lower 
canal  level  forming  a  water  cushion. 

Drainage  Works. 

In  canals  flowing  along  the  sides  of  hills  or  slopes,  great  difficulties 
are  encountered  and  expense  incurred  in  diverting  or  passing  the  side 
drainage  which  crosses  its  line.  Much  can  be  done  by  diverting  water 
courses  or  constructing  short  drainage  cuts  emptying  inlo  natural 
drainage  lines. 

When  the  drainage  cannot  be  diverted  it  can  be  passed  in  one  of  three 
ways.  If  the  stream  is  at  a  lower  level  than  the  canal,  the  latter  may  be 
passed  over  it  in  an  a(|ueduct.  If  at  the  same  level,  it  may  be  i^ermitted 
to  enter  the  canal  with  proper  regulating  gates  below,  and  an  escape 
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opposite  it.  If  the  stream  is  at  a  higher  level  than  the  canal,  it  is  gener- 
ally carried  over  the  canal  in  an  aqueduct  which  is  called  a  superpassage. 
Modifications  of  these  are  when  the  canal  is  carried  nnder  the  stream, 
or  the  stream  under  the  canal  in  an  inverted  siphon.  And  in  some 
cases  a  combined  siphon-aqueduct  has  been  constructed. 

The  most  notable  aqueduct  is  that  which  carries  the  Gauges  Canal 
over  the  Solani  Valley  at  Roorkee.  This  consists  of  an  earth  embank- 
ment 2f  miles  long  across  the  valley,  about  IGJ  feet  high,  350  feet  wide 
at  the  base  and  290  feet  wide  on  top.  On  this  the  canal  banks  are 
formed,  being  30  feet  wide  and  12  feet  deep,  lined  for  their  whole  length 
with  masonry  or  stone  paving.  The  aqueduct  which  crosses  the  river  is 
of  solid  masonry,  920  feet  long,  with  a  clear  water  way  of  175  feet  in  fif- 
teen spans  of  50  feet  each. 

Another  great  aqueduct  is  that  which  passes  the  Lower  Ganges 
Canal  over  the  Kali  Nadi  Torrent  at  Nadrai,  of  which  a  description  of 
the  well  sinking  for  the  foundation  has  already  been  given.  This  aque- 
duct carries  3  175  second-feet  of  water,  and  consists  of  fifteen  masonry 
spans  of  60  feet  each;  the  maximum  pressure  on  the  foundation  walls 
of  the  pier  does  not  exceed  2  J  tons  per  square  foot.  The  total  superfi- 
cial'water-way  is  23  430  square  feet,  which  is  at  the  rate  of  9.8  square 
miles'of  catchment  area,  and  will  pass  a  flood  of  140  000  second-feet, 
having  a  mean  velocity  through  the  aqueduct  of  60  feet  per  second. 
Many  smaller  aqueducts  are  to  be  found  on  the  canals  everywhere  in 
India,  and  they  are  universally  constructed  of  masonry  in  the  most 
substantial  manner. 

It  is  common  to  admit  the  waters  of  small  drainage  channels  directly 
into  the  canal  when  they  meet  at  the  same  level.  In  cases  of  large 
streams,  as  happens  with  the  Rutmoo  Torrent,  which  enters  the  Ganges 
Canal  at  level,  carrying  a  large  volume  of  water  charged  with  sediment, 
special  provision  must  be  made.  In  this  case  the  inlet  is  plain,  but  in 
the  opposite  canal  bank  is  an  escape  controlled  by  regulators,  and  below 
it  is  a  regulator  in  the  canal  to  permit  the  proper  amount  of  water  to 
flow  down  it. 

In  the  construction  of  a  superpassage  special  care  must  be  taken  to 
give  it  the  proper  slope,  so  that  it  shall  not  become  choked  with  sediment, 
and  the  masonry  and  reveting  must  be  carried  far  enough  to  either  side 
of  the  canal,  up  and  down  the  torrent,  to  protect  the  foundations. 
Some  superpassages  which  are  half  sunk  in  the  ground  become  in  time 
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of  flood  semi-inverted  siphons;  sucli  is  the  case  of  several  small  super- 
passages  on  the  Mva  Canal,  and  of  the  Kao  Nulla  siphon-aqueduct  on 
the  Soaue  System,  and  of  several  on  the  Sirhind  Canal. 


)»-^  -^' 


Ganges  Canal,  Kutmoo  Level  Crossing. 


Distribution  of  Watee. 

Distributaries,  or  laterals,  are  small  branch  canals  or  ditches  which 
have  a  masonry,  wooden  or  iron  regulator  at  the  head.  From  these  the 
farmers  take  their  water  courses  to  their  fields.  Like  the  main  canals 
these  distributaries  are  laid  out  by  and  are  iinder  the  control  of  the  canal 
engineers,  and  answer  the  purpose  of  a  system  of  storage  reservoirs  to 
the  private  or  ^dllage  channels. 

In  order  to  best  serve  their  purpose,  the  distributaries  should  follow 
the  water- shed  of  the  country,  and  to  this  end  a  drainage  and  contour 
map  is  first  constructed.  The  capacity  of  the  distributary  which 
traverses  each  separate  drainage  divide  is  then  proportioned  to  the  duty 
-which  it  has  to  perform,  the  bounding  streams  limiting  the  area  which 
each  distributary  has  to  irrigate.  The  accompanying  map  shows  the 
method  of  i)lanning  a  system  of  canal  distributaries. 
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It  is  customary  to  take  off  the  water  of  a  distributary  near  the  sur- 
face of  the  canal  in  order  to  obtain  that  which  is  clearest,  or  charged 
with  the  least  amount  of  silt,  and  to  keep  the  bed  of  the  distributary  at 
a  sufficiently  high  level  to  permit  surface  irrigation  throughout  its  entire 
length.  To  this  end  the  bed  of  the  distributary  is  generally  a  few  feet 
higher  than  that  of  the  main  canal.  In  America  water  charged  with 
sediment  is  generally  preferred  to  that  which  is  clear,  from  the  belief 
that  it  aids  in  fertilizing  the  soil. 

According  to  Major  Brownlow,  R.E.,  the  greater  the  amount  dis- 
charged by  a  distributary  the  smaller  will  be  the  proportionate  cost  of 
maintenance.  For  a  channel  12  feet  in  width  discharges  more  than 
double  that  of  two  channels  each  6  feet  wide;  and  the  cost  of  iDatrolling 
and  repairs  to  bank  will  be  half  that  of  the  two  smaller  ones.  Experi- 
ence proves  that  iriigation  can  be  most  profitably  carried  on  from  chan- 
nels 18  feet  wide  at  bottom,  and  with  about  4  feet  depth  of  water. 
On  the  Eastern  Jumna  Canal,  during  1856-60,  the  expenditure  on  all 
distributaries  of  12  feet  head  width  and  upwards  was  .  123  of  the  revenue, 
•while  on  all  those  below  12  feet  the  cost  of  maintenance  was  .223  of  the 
revenue,  or  nearly  double  the  first.  The  relative  value  of  a  cubic  foot 
jjer  annum  from  the  same  experiments  on  channels  of  resi^ectively  12, 
6  and  3  feet  in  width  was  as  10  :  7  :  4.  The  increased  action  of  absorp- 
tion in  small  channels,  with  diminished  volumes  and  velocities,  accounts 
for  the  difference.  The  depth  of  water  should  seldom  be  less  than  4 
feet,  and  the  engineers  endeavor  to  keep  the  surface  of  the  water  at  from 
1  to  1.5  feet  above  the  surface  of  the  country,  in  order  to  secure  gravity 
irrigation.  Indian  engineers  condemn  the  practice  of  raising  the  water 
in  the  channels  to  the  suiface  of  the  country  by  means  of  dams  or  stops, 
made  by  introducing  planks  in  grooves  made  for  the  purpose.  They  say 
that  this  converts  a  freely  flowing  stream  into  a  series  of  stagnant  pools, 
causing  the  growth  of  weeds,  the  deposit  of  silt,  and  unhealthy  condi- 
tion of  the  neighborhood,  and  is,  moreover,  very  wasteful  of  water,  as 
much  is  thus  wasted  by  absorption  and  loss  of  head. 

The  water  for  the  village  ditches  is  taken  from  the  distributary  by 
means  of  hollow  wooden  or  iron  pipes  let  into  the  banks  of  the  canal 
flush  with  its  bed,  and  are  stopped  at  the  outlet  by  a  simple  valve  or 
plug. 

"While  the  water  rate  is  at  present  charged  in  India  according  to  the 
area  irrigated  and  the  croj)  raised,  it  is  conceded  that  it  would  be  much 
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-fairer  to  charge  for  the  water  according  to  the  quantity  used,  as  it  can 
make  no  difference  to  the  canal  proprietor  what  becomes  of  the  water 
after  he  has  delivered  and  been  paid  for  it.  The  difficulties  in  the  way 
of  delivering  water  by  accurate  measurement  have  heretofore  been  insu- 
perable, chiefly  because  no  practical  method  of  measuring  water  under  a 
constantly  varying  head  has  yet  been  hit  upon. 

On  all  the  older  establisheil  canal  systems,  especially  when  the 
supply  entering  the  head  of  the  canal  is  insufficient  for  the  demand,  a 
system  called  tateels  has  been  established.  This  consists  in  regulating 
-the  amount  of  water  given  to  the  various  irrigators  by  closing  their  out- 
lets for  successive  periods  of  time  in  regular  rotation,  each  man  being 
comi^elled  to  take  the  water  when  his  turn  arrives  or  else  lose  it.  It  is 
best  to  impose  tateels  on  long  portions  of  the  distributory  at  once. 
Short  ones  have  very  little  effect  in' forcing  the  water  down  to  the  tail  of 
the  canal.  Outlets  are  closed  in  the  first  length  for  four  days,  on  the 
second  j^ortion  for  three  days,  and  so  on,  and  then  this  order  may  be 
reversed,  having  regular  periods  of  rotation. 

Great  Canals  Consteucted. 

Little  further  can  be  said  of  typical  canal  construction  in  India  other 
than  to  give  an  outline  of  the  magnitude  of  some  of  the  more  important 
works.  Details  of  aqueducts,  superpassages,  regulators  and  weirs  have 
been  given  already  in  their  separate  places. 

The  greatest  of  all  these  works  is  the  Ganges  Canal,  which  is  diverted 
from  the  Ganges  Eiver  at  Hurdwar,  at  which  jjlace  it  emerges  on  to  the 
broad  northern  plain  where  the  country  has  a  general  slope  of  about  20 
feet  per  mile.  Its  head  works  are  peculiar,  the  discharge  of  the  river 
being  much  greater  than  the  amount  of  water  needed,  and  the  current 
swift,  while  the  bed  is  composed  of  boulders  to  a  great  depth.  It  was 
deemed  advisable  to  divert  the  water  by  means  of  a  temporary  boulder 
dam  into  the  Hurdwar  Channel,  and  this  is  kept  open  and  sejiarate  from 
the  remainder  of  the  stream  by  an  elaborate  system  of  river  training 
Tvorks. 

These  temporary  weirs — for  there  are  three  of  them,  one  back  of  the 
other — are  destroyed  annually  by  the  floods  and  rebuilt  each  year,  this 
method  being  cheaper  than  to  construct  a  permanent  weir.  At  the  canal 
head  are  a  set  of  regulating  gates,  adjacent  to  which  is  a  permanent 
■weir  with  flushing  sluices  which  close  the  Hurdwar  Channel. 
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The  slope  of  the  canal  bed  is  at  first  15  inches  per  mile,  and  the  velo- 
city of  the  water  3^  feet  per  second,  which  is  too  high  and  constantly 
erodes  the  canal  banks.  The  canal  carries  6  700  second-feet  of  water  at 
its  head,  where  the  channel  is  170  feet  wide  at  bottom,  with  8  feet 
depth  of  water.  Owing  to  the  great  slope  of  the  country  in  the  first  30 
miles  of  the  canal  many  exjaensive  falls  have  had  to  be  introduced,  and 
great  aqueducts  and  superjiassages  are  necessary  in  order  to  pass  the 
local  drainage. 

This  canal  controls  10  440  000  acres,  of  which  it  irrigates  1  000  000 
acres,  and  has  456  miles  of  main  canal,  2  599  miles  of  distributaries,  895 
miles  of  escapes  and  drainage  cuts,  and  its  total  mileage  is  3  910.  Each 
distributary  would  be  a  large  canal  in  America,  and  has  numerous 
masonry  bridges,  regulators  and  aqueducts  along  its  line. 

Another  great  canal  system  is  that  of  the  Sirhind  Canal  in  the  Pun- 
jab. This  canal  is  diverted  from  the  Sutlej  River  at  Rupar,  where  the 
river  emerges  from  the  Himalayas  to  the  plain.  The  diversion  works 
consist  of  the  usual  weir  with  undersluices  iu  it,  and  regulators  at  the 
canal  head.  A  few  miles  below  the  head  is  an  escape  into  the  Sutlej, 
which  is  very  efficient  in  removing  deposits  of  silt.  In  the  first  few 
miles  the  fall  is  great,  and  there  are  a  number  of  drainage  works,  of 
which  the  Siswan  Superpassage  carries  20  000  second-feet  and  the  Budki 
Sujjerpassage  30  000  second  feet  of  water. 

The  main  canal  and  principal  branches  are  in  all  4950  miles  in  length 
of  which  503  miles  are  main  navigable  canal.  Its  discharge  is  estimated 
as  7  000  second-feet,  though  it  generally  carries  only  from  3  700  to  4  000 
second-feet.  The  minimum  discharge  of  the  Sutlej  River  is  often  as  low 
as  3  500  second-feet,  while  its  maximum  flood  discharge  may  be  100  000 
second-feet.  The  rainfall  over  the  irrigable  area  varies  from  10  to  35 
inches  per  annum,  and  during  the  autumn  crop  it  is  from  1  to  6  inches, 
only. 

The  gross  area  commanded  by  the  canal  is  4521  000  acres,  of  which 
800  000  acres  are  irrigable.  During  the  autumn  of  1889,  only  338  000 
acres  were  irrigated,  of  which  38  000  acres  were  double  cropped.  In  the 
autumn  of  1889  the  duty  of  water  per  second-foot  on  the  supply  entering 
at  the  canal  head  was  119  acres  or  $113.  On  the  supply  utilized  it  was  127 
acres  or  $121,  and  the  average  water  rate  per  acre  irrigated  was  95  cents. 
The  percentages  of  the  principal  croj^s  irrigated  were  as  follows:  sugar 
cane,  .33;  maize,  6.33;  cotton,  3.36;  wheat,  43.63;  barley,  3.66;  millet 
and  small  grains,  16 .  10;  and  all  other  crops  26 .  59. 
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Let  lis  see  what  this  canal  would  have  cost  to  construct  and  maintain 
in  the  United  States.  In  making  such  a  comparison  the  amounts 
expended  for  jjensions,  furloughs,  navigation  works,  etc.,  must  be 
deducted,  and  due  allowance  made  for  the  difference  in  cost  for  each 
class  of  construction  in  the  two  countries.  The  total  expenditure  on 
this  canal  to  1889  for  construction,  maintenance  and  repairs  was 
^15  350  000,  of  which  $3  100  000  was  interest  on  the  outlay  while  the 
work  was  imder  construction,  and  of  the  whole  $500  000  was  leave  and 
pension  allowance  to  emijloyees.  The  total  original  cost  of  tlie  works 
was  $12  000  000,  of  which,  exclusive  of  cost  of  land  and  maintenance, 
$400  000  was  for  headworks.  $6500000  for  the  main  canal  and  branches, 
exclusive  of  $1 100  000  for  right  of  way  and  navigation  works,  and 
8300  000  was  for  drainage  and  protective  works. 

The  office  establishment,  less  pensions — and  this  establishment  is  a 
very  expensive  one  in  India — cost  82  200  000,  and  the  tools  and  plant 
81 100  000.  The  earthwork  alone  on  the  main  branches  cost  82  600  000, 
and  on  the  distributaries  8800  000,  or  in  all  83  400  000.  For  800  000 
acres  of  irrigable  land  the  earthwork  cost  $4  25  per  acre;  or,  our  contract 
prices  in  the  West  being  say  10  cents  per  cubic  yard,  while  theirs  is  but 
four  cents — this  earthwork  would  have  cos' us  810.62  pev  acre.  The 
masonry  works,  such  as  falls,  weirs,  regulators  and  bridges  cost  in  all 
82  400  000,  or  83  jjer  acre  irrigated.  Eubble  masonry  costs  in  India 
about  83  i^er  cubic  yard.  In  our  West  it  averages  say  86.  Hence  these 
masonry  works  would  have  cost  us  86  per  acre. 

In  our  works  we  would  avoid  the  expense  of  the  numerous  masonry 
bridges  constructed  in  India.  Again,  we  would  do  little  masonry  construc- 
tion, but  would  use  much  iron  and  wood,  which  with  us  are  far  cheaper. 
The  cost  of  these  items  would  accordingly  be  proportionally  much  less 
in  America.  Say  one-third  can  be  deducted  for  the  cheaper  material 
and  lets  masonry  work,  and  it  would  cost  us  84  per  acre  irrigated. 
Drainage  works  cost  about  seventy-three  cents  more  per  acre,  or  say  in  all 
the  Sirhind  Canal  would  have  cost  us  815.35  per  acre  irrigated,  against 
88  in  India. 

As  the  Sirhind  Canal  is  a  new  work,  at  present  only  476  000  acres  are 
irrigated  from  it  of  800  000  estimated  as  being  irrigable.  This,  however, 
pays  a  profit  on  the  capital  invested  of  from  2  to  4  per  cent.  It  should 
yield  from  6  to  8  per  cent,  when  worked  to  its  full  capacity.  The  water 
rates  charged  average  ninety  cents  per  acre  irrigated;  we  woi^ld  charge 
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at  least  $2;  in  some  localities  far  more.  As  the  cost  of  construction  in 
America  would  be  twice  what  it  was  in  India,  while  the  receipts  per  acre 
are  more  than  double  those  of  India,  it  is  not  improbable  that  under 
similar  circumstances  such  a  work,  when  partially  utilized,  would  yield 
us  5  per  cent.,  and  when  doin^-  its  maximum  duty  would  realize  10  per 
cent,  net  profit  on  the  capital  invested,  besides  furnishing  homes  for 
many  thousands  of  jieople,  and  largely  increasing  the  aggregate  wealth 
of  the  country. 

The  chief  inducement  to  canal  enterprise  in  America  has  not  been 
mentioned,  because  it  does  not  exist  in  India.  This  is  the  increment  in 
value  of  the  land  served  by  the  canal.  There  is  no  such  increment  avail- 
able to  private  enterprise  in  India,  because  the  Government  is  the  sole 
owner  of  the  land.  Here,  however,  where  land  can  be  purchased  for 
from  Si. 25  to  S2.50  per  acre,  and  when  irrigated  will  sell  for  from  $iO  to 
$100  per  acre,  or  bring  an  equivalent  revenue,  the  increased  return  on  an 
investment  is  obvious. 

Stokage  Wokks. 

Storage  works  in  India  are  usually  divided  into  two  general  classes, 
reservoirs  and  tanks.  Tie  former  are  generally  distinguished  by  being 
very  deep,  are  closed  by  masonry  dams,  and  are  on  running  or  flood 
streams.  The  latter  usually  are  shallower,  have  earth  dams  or  dams 
composed  of  earth  with  a  masonry  core  or  face,  and  are  on  plains  or 
interfluves  above  the  drainage  lines,  or  else  on  small  streams,  the  flood 
discharges  of  which  are  so  small  that  all  the  water  can  be  stored  or 
easily  wasted.  Tanks  may  be  filled  by  canals  diverted  from  some 
large  stream  for  that  purpose. 

In  deciding  on  the  location  of  any  storage  work  many  different  con- 
fiiderations  have  to  be  discussed  and  weighed.  It  should  be  placed  at  a 
sufficient  elevation  above  the  lands  which  it  is  intended  to  irrigate  to 
permit  of  the  water  being  taken  to  them  by  means  of  natural  flow.  The 
storage  work  may  be  so  situated  that  it  is  immediately  adjacent  to  these 
lands,  and  a  very  short  canal  line  will  command  them.  Or  it  may  be  at 
some  distance  from  them,  requiring  a  long  line  of  canal.  Again,  the 
storage  water,  when  wanted,  may  be  turned  back  into  the  natural  drain- 
age channel  through  which  it  will  flow  to  the  neighborhood  of  the  lands 
where  it  will  be  again  diverted.  The  second  case  may  be  very  exj^ensive 
if  the  canal  line  is  long,  but  the  last  is  most  expensive  and  wasteful,  as 
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the  loss  by  absorption  and  evaporation  is  much  greater  than  in  a  well 
constructed  canal,  while  there  will  be  added  the  additional  expense  of  a 
-weir  at  the  point  where  the  Avater  is  again  diverted  from  the  natural 
channel. 

Knowing  the  area  and  location  of  the  irrigable  lands,  the  first  con- 
sideration is  the  location  of  the  storage  site.  Tiiis  may  be  discovered 
after  much  seeking,  and  in  order  to  be  desirable  it  must  be  of  such  a 
character  that  the  cost  of  the  construction  of  the  works  will  not  be 
prohibitory. 

The  next  consideration  is  the  source  of  water  supply  from  which  to 
fill  it.  This  may  be  either  from  an  intermittent  stream,  or  if  from  a 
perennial  one  its  discharge  must  generally  be  small,  otherwise  storage 
would  be  unnecessary.  A  thorough  hydrographic  survey  of  the  catchment 
basin  above  the  reservoir  is  necessary  in  order  to  discover  the  maximum 
and  minimum  amounts  of  precipitation,  percentage  and  rate  of  run-ofif, 
and  the  total  quantity  of  water  available  for  storage.  Steam  gaugings 
must  be  maintained  for  a  few  years,  and  all  possible  efforts  made  to  dis- 
cover the  volumes  of  maximum  floods  as  well  as  total  quantities  of  water 
•discharged.  A  good  topographical  survey  is  usually  first  executed,  as 
from  the  maps  thus  constructed  the  relation  between  irrigable  land  and 
reservoir  site,  and  the  latter  and  the  catchment  areas,  can  be  best  studied. 
These  maps  enable  the  engineer  to  measure  areas  of  catchment,  and  to 
calculate  the  discharges  from  these  areas  if  the  proportion  of  run-ofif  is 
known. 

In  locating  the  dam  site  it  is  necessary,  first,  to  have  above  it  the 
largest  possible  basin  or  valley,  with  a  low  slope  in  order  to  get  a  maxi- 
mum storage  capacity.  Then  it  should  be  so  chosen  that  it  shall  require 
as  short  a  dam  as  possible,  and  yet  afford  a  sufficiently  long  natural  or 
artificial  waste-way  to  discharge  the  maximum  flood  without  injury  to 
the  dam.  Finally,  it  must  be  so  located  that  the  geological  formation 
shall  be  favorable.  The  dam  must  not  be  founded  on  a  porous  forma- 
tion, and  if  of  earth,  the  material  of  the  abutments  and  foundation  must 
be  of  suitable  quality  to  afford  an  impervious  connection.  If  a  masonry 
dam,  it  must  be  founded  ou  solid  rock.  Material  for  the  construction  of 
either  class  of  dam  should  be  convenient  to  the  site.  The  area  to  be 
covered  by  the  artificial  lake  should  contain  no  porous  strata  which  may 
lead  the  water  off  and  waste  it.  Very  careful  and  detailed  surveys  will 
be  necessary  to  ascertain  all  the  above  facts,  as  we^  as  the  c  st  of  con- 
Btruction,  location  of  waste  way  and  of  discharge  gates. 
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As  the  general  considerations  guiding  the  location  and  construction: 
of  a  reservoir  for  irrigation  jjurposes  are  very  similar  to  those  with  which 
American  engineers  are  familiar  in  designing  storage  works  for  city- 
water  supply,  only  siich  points  as  may  be  of  immediate  novelty  or 
interest  in  Indian  practice  will  be  described.  The  modern  engineer 
designs  the  cross-section  of  the  dam  on  some  theoretic  profile  which  will 
be  the  most  economical,  and  all  of  these  cross-sections  are  very  similar  to 
that  discussed  by  Mr.  Edward  "Wegmann,  Jr.,  M.  Am.  Soc.  C.  E.,  in  his 
recent  treatise  on  the  "Design  and  Construction  of  Masonry  Dams." 
Modified  formulas  based  on  Rankine,  Delocre,  Krantz  or  Bouvier  a  regen- 
erally  employed.  In  two  of  the  best  and  most  recent  high  dams  con- 
structed in  India,  those  at  Bhatgur  and  Tansa,  the  material  employed 
was  a  hard  traj)  or  greenstone,  which  is  abundant  there,  and  the  cement 
is  of  local  manufacture,  being  made  of  dirty  nodules  of  limestone  found 
in  the  ground  and  called  kunkar,  which,  when  burned  in  a  kiln,  pro- 
duces a  good  hydraulic  lime  nearly  equal  to  the  best  cement  in  its  resist- 
ance to  pressure.  The  Tansa  dam  is  constriicted  wholly  of  rough  un- 
coui  sed  rubble,  which  was  merely  scabbled  on  the  facing,  and  was  very 
carefully  bedded  and  laid  in  the  cement.  In  the  Bhatgur  dam  a  con- 
crete hearting  was  used  above  where  the  pressure  was  sixty  pounds  to  the 
square  inch;  below  that  uncoursed  rubble  was  employed,  while  the 
whole  was  carefully  faced  with  courses  of  dressed  stone.  In  no  Indian 
dams  are  stones  used  larger  than  three  men  can  carry,  as  all  stones  are 
carried  by  hand,  and  in  fact  all  kinds  of  labor  is  manual,  machinery 
being  rarely  employed.  The  method  of  quarrying  the  stone  and  trans- 
porting it  bj  cars  to  the  work  under  construction  is  similiar  to  that  em- 
ployed in  America,  as  is  the  general  construction  and  charging  of  the 
limekilns. 

The  following  are  a  few  extracts  from  notes  made  by  A.  Hill,  Esq.,, 
Superintending  Engineer,  on  the  masonry  construction  of  the  Bhatgur 
dam  ; 

"In  the  facing  the  masonry  is  laid  in  courses,  each  of  which  does  not 
exceed  9  inches  in  depth,  as  large  stones  are  too  troublesome  to  handle. 
The  stones  are  wetted,  and  moi'tar  and  stones  are  well  rammed.  Stonea 
for  rubble  are  as  large  as  can  be  conveniently  handled,  while  the  smaller^ 
stones  are  broken  up  for  metal  to  be  used  in  making  concrete.  In  un- 
coursed rubble  the  stones  touch  along  their  whole  sides,  not  at  i^oints- 
or  edges  merely,  and  small  chips  are  used  to  fill  in  spaces  between  large 
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stones.  All  awkward  projections  are  knocked  off  the  stones,  and  they 
are  well  rammed  into  the  bed  of  mortar  in  which  they  are  laid,  which 
must  be  at  least  one  inch  in  thickness.  The  stones  used  average  100 
pounds  weight  each. 

•'  Concrete  is  made  of  broken  metal  and  river  gravel,  the  former  Si- 
inch  gauge,  the  latter  from  ^  inch  to  3  inches.  The  proportions  are  : 
metal  16  parts,  gravel  16,  mortar  12.  The  concrete  is  laid  in  two  layers, 
each  4i  inches  in  thickness,  and  rammed  for  twenty  minutes  and  one  hour 
respec-tively,  and  is  kept  constantly  wetted  for  at  least  two  weeks  that  it 
may  set  properly.  The  concrete  is  mixed  both  by  hand  and  machine, 
the  hand  mixing  being  done  on  a  floor  with  a  hoe,  the  machine  mixing 
in  barrels  or  mixers  of  metal  which  are  revolved  by  hand.  Metal  and 
gravel  are  wetted  before  being  mixed.  Some  briquettes  of  concrete, 
15  X  10  X 10  inches,  after  setting  for  six  months,  ruptured  under  a  crush- 
ing weight  of  from  400  to  800  pounds  per  square  inch. 

"In  making  mortar  only  sharp,  clean  river  sand  is  used.  The  lime 
is  burnt  till  hydraulic,  slaked  five  hours,  stirred  and  ground  for  three 
hours  more,  and  then  the  clean,  wet  sand  is  added  in  the  proportion  of 
one  to  one  and  stirred  again  for  two  hours  more.  For  testing,  this  is 
made  into  2-inch  cubes  or  briquettes,  which  are  kept  damp  and  allowed 
to  set  for  forty- eight  hours,  after  which  they  are  placed  in  water  until 
tested." 

At  Bhatgur,  the  following  are  average  tests  : 

Pounds  per 
square  inch. 

Mortar,  12  months,  crushing  weight 815 

9        "  "  600 

6         "  "  500 

3         "  "  300 

lto2         "  "  250 

Some  briquettes  stood  as  high  a  crushing  weight  as  1  100  jjounds  per 
square  inch,  when  one  year  old.  The  hydraulic  lime  used  at  Vir,  which 
is  at  the  head  of  the  Nira  Canal,  is  perhaps  the  best  in  India.  Several 
briquettes  of  mortar  made  there  mixed  in  the  proportion  of  1  to  1, 
and  from  eight  months  to  one  year  old,  required  a  crushing  weight 
of  1  500  pounds  per  square  inch  to  rupture  them.  Yir  mortar,  mixed 
with  2  of  sand  to  1  of  hydraulic  lime,  breaks  at  800  pounds  pressure  jjer 
square  inch.  W.  Gierke,  the  chief  engineer  of  the  Tansa  Beservoir, 
keeps  up  a  constant  and  regular  series  of  tests  of  all  mortar  used  daily 
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in  the  construction  of  that  dam,  some  of  the  briquettes  being  allowed  to 
set  dry,  others  under  water,  and  a  record  of  their  crushing  strength  for 
different  ages  is  kept.  The  mortar  used  there  gives  results  even  higher 
than  those  quoted  above  for  Bhatgur. 

The  Bhatgur  Reservoir  is  located  in  Bombay  Presidency,  about  40 
miles  south  of  Poona,  at  the  forks  of  the  Nira  Eiver  near  its  head.  The 
topography  is  very  similar  to  that  in  Arizona,  north  of  Prescott  and  near 
Peach  Springs,  consisting  of  high  mesas  or  table  lands  cut  by  deep 
canons,  which  open  out  on  broad  bottom  lands  or  valleys.  At  the  dam 
site  the  fall  of  the  river  is  5  feet  per  mile,  and  the  reservoir  backs  up 
stream  15  miles.  Its  total  capacity  is  119  600  acre-feet,  and  its  catch-' 
ment  area  is  128  square  miles,  the  discharge  over  which  may  be  as 
high  as  f  of  an  inch  in  depth  per  hour  in  floods.  The  maximum 
flood  may  be  50  000  second-feet,  while  in  the  irrigating  season  there  are 
scarcely  20  second-feet  running  in  the  river  at  the  canal  head  at  Vir. 

The  dam  is  130  feet  high  above  its  foundation  and  8  feet  above  high 
water  mark.  Its  extreme  bottom  width  is  73.7  feet,  and  its  width  on 
top  is  12  feet,  and  is  used  as  a  roadway.  When  full  the  pressure  at  the 
toe  is  5.8  tons  per  square  foot  or  90.8  pounds  per  square  inch.  When 
empty  it  is  6.7  tons  per  square  foot  at  the  heel  of  the  dam.  The  total 
length  of  the  dam  is  4  067  feet,  and  it  curves  in  an  irregular  manner 
across  the  valley  so  as  to  follow  an  outcrop  of  rock  on  which  it  is 
founded.  The  foundations  are  excavated  two  feet  below  the  surface  of 
the  solid  rock  and  in  some  places  are  as  deep  as  30  feet  in  order  to  get 
homogeneous  rock.  The  greatest  flood  over  the  dam  may  be  50  000 
cubic  feet  per  second,  and  this  will  be  passed  oft'  by  two  waste  weirs  and 
twenty  under-sluices.  These  waste  weirs  are  at  each  end  of  the  dam 
and  are  arched  over  so  that  the  roadway  is  continuous  above.  Their 
total  waste-way  is  810  feet  long,  and  the  flood  may  pass  8  feet  high 
through  them.  One  consists  of  forty-five  arches  of  10  feet  s^Dan  each, 
the  other  of  thirty -six  arches  of  the  same  span. 

Of  the  uader-sluices  fifteen  are  constructed  in  the  center  of  the  dam, 
17  feet  apart,  and  are  4x8  feet  each,  and  60  feet  below  high  water  line. 
With  this  enormous  head  they  will  discharge  20  000  second-feet, 
which  is  almost  a  maximum  flood;  they  have  withstood  two  seasons  of 
flood  successfully  without  any  injury  to  the  masonry  joints.  With  full 
head  the  velocity  through  these  sluices  is  36  feet  per  second.  Above  this 
row  of  fifteen  under-sluices  and  near  the  surface  of  the  hillside  are  twa 
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others  of  the  same  dimensions,  one  20  feet  above  the  main  row,  the  other 
50  feet  above  them.  These  nnder-sluices  are  constructed  with  a  lining 
of  ashlar  masonry  with  best  pointed  joints,  and  they  are  closed  by  iron 
gates  which  slide  vertically.  These  gates  weigh  2  tons  each  and  are 
protected  from  injury  by  floating  objects,  by  a  stout  grating.of  wood  on 
the  up  stream  entrance.  The  gates  are  raised  by  a  steel  screw  worked 
from  above  by  a  female  capstan  screw  turned  by  levers. 

There  is  20  feet  of  idle  space  below  the  under-sluices  and  this  is  ex- 
jjected  to  silt  up.  The  object  of  these  sluices  is  jjrimarily  to  discharge 
the  water  of  the  reservoir,  which  then  flows  20  miles  down  the  Nira. 
River  to  Vir,  where  a  pick-up  weir  turns  it  into  the  head  of  the  Nira 
Canal.  Fewer  sluices,  however,  would  have  accomplished  this  end. 
The  object  of  making  so  many  was  with  a  view  to  keeping  the  reservoir 
above  them  free  from  sediment ;  this  is  only  accomplished  by  keeping 
them  open  when  much  sediment  is  in  suspension,  and  prevents  its  de- 
posit by  drawing  it  off.  It  is  doubtful  if  it  woulu  clean  the  reservoir  if 
it  once  got  silted. 

A.  Hill,  Esq.,  Superintending  Engineer,  says  of  this  scouring  effect r 
"Scouring  sluices  have  little  effect  imless  the  area  of  the  openings  is 
large  compared  to  the  area  of  the  floods.  To  remove  silt  already  de- 
posited they  are  useless.  Those  at  Bhatgur  have  a  large  area  compared 
to  the  floods,  and  hence  are  effective  ;  at  Vir  their  area  is  much  sm'j,ller, 
hence  that  reservoir  has  silted  even  in  front  of  the  sluice.  If  the  dam 
is  high  and  the  discharge  of  the  under-sluices  will  keep  the  flood  level 
below  the  full  supply  level,  then  they  will  be  efficient.  If  the  dam  is 
low  and  the  sluices  will  not  keep  the  flood  level  below  full  supply  level 
then  they  will  have  little  effect." 

Experience  on  the  Betwa  reservoir  and  elsewhere  bears  these  conclu- 
sions out,  with  the  additional  statement  that  their  scouring  or  jareveut- 
ive  effect  is  felt  but  a  very  few  feet  on  either  side  of  the  sluices  and  silt 
will  deposit  close  to  their  entrance,  in  other  words,  they  do  little  more 
than  keep  an  open  channel  above  them. 

Another  great  dam  is  that  at  Tansa,  about  which  there  is  little  that 
is  novel  excepting  its  great  size  and  excellent  workmanship  and  design. 
The  discharge  of  its  catchment  area,  which  is  only  52i  square  miles,  may 
be  8  000  000  cubic  feet  per  day.  The  area  of  the  reservoir  is  8  S(iuare 
miles,  and  its  available  depth,  that  is  the  dejith  above  its  discharge  or 
outlet  sluice,  is  20  feet.     Its  available  capacity  is  52  670  acre-feet,  lesa 
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■36800  acre-feet,  which  is  6  vertical  feet  lost  by  evaporation  and  absorp- 
tion. Its  total  capacity  is  much  greater  than  this.  The  total  length  of 
the  dam,  which  is  constructed  of  the  best  uneoursed  rubble  masonry,  is 
9  350  feet,  with  an  overfall  waste  weir  1  800  feet  long  at  the  south  end. 
The  dam  is  constructed  in  two  tangents,  the  object  being  to  get  the 

.  shortest  line  on  a  bed-rock  foundation. 

The  object  of  the  great  pick-up  weir  at  Vir  is  to  divert  the  water 
from  the  Nira  River  into  the  canal  head  ;  incidentally  it  stores  a  small 
amount  of  water.  This  weir  is  peculiarly  constructed  just  above  the 
junction  of  the  Nira  and  Vir  Rivers,  the  object  being  to  get  a  sufficiently 
wide  waste  way  for  the  enormous  flood  volume  which  passes  over  its 
entire  width.  The  weir,  which  is  constructed  of  uncoursed  rubble 
masonry,  is  2  340  feet  long,  9  feet  wide  at  top,  and  43^  feet  in  greatest 
height,  and  is  nearly  vertical  down  stream,  having  a  slope  of  about 
4  on  1  up  stream. 

A  short  distance  below  this  weir,  in  a  narrow  part  of  the  main  river, 
below  the  forks,  is  a  subsidiary  weir  615  feet  long  on  top,  20  feet  high, 

:  with  its  crest  24^  feet  below  that  of  the  main  weir.  Both  are  constructed 
of  the  best  uncoursed  rubble  with  a  concrete  core.  The  upper  weir  im- 
poimds  60  000  000  cubic  feet  and  backs  the  water  12  miles  up  the  river. 
The  greatest  flood  may  be  160  000  second-feet,  which  would  i^ass  8  feet 
deep  over  the  main  weir,  and  22  feet  deep  over  the  subsidiary  weir.  The 
object  of  the  latter  is  to  give  a  water  cushion  on  which  the  floods  from 
the  upper  weir  will  fall  without  jar,  and  the  higher  the  flood  the  higher 
will  the  water  be  backed  upon  the  face  of  the  upper  weir  and  the  shorter 
its  fall  will  be. 

At  the  head  of  the  Betwa  Canal,  near  Jhansi,  in  the  Northwest  Pro- 
vince, is  a  great  storage  reservoir,  the  dam  of  which,  like  that  at  Vir,  is 
an  overfall  weir  in  its  entire  length,  and  water  is  diverted  by  a  canal 
heading  above  the  weir.  During  the  irrigating  period  the  river  runs 
quite  dry,  while  in  great  flood  it  may  discharge  750  000  second-feet. 
The  dam  is  constructed  of  rubble  masonry  and  is  4  300  feet  long,  situated 
in  the  widest  part  of  the  river  in  order  to  give  sufficient  waste- way  for 
the  great  floods  which  may  pass  17  feet  deep  over  the  weir  crest.  Its 
extreme  height  is  60  feet,  and  the  height  of  overfall  is  2H  feet  to  a  water 
cushion  formed  by  a  subsidiary  masonry  weir  10  feet  in  extreme  height. 
The  cross-section  of  this  weir  is  peculiar,  and  appears  to  be  unneces- 
cSarily  heavy;  it  is  15  feet  in  width  on  top,  nearly  vertical  on  the  down 
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stream  face,wlucli  terminates  near  the  bottom  in  a  square  masonry  apron, 
and  lias  a  curving  slope  up  stream.  The  great  top  width  is  intended  to 
enab  e  it  to  withstand  the  jar  of  the  overfall;  the  same  is  the  reason  for 
the  heavy  masonry  toe,  while  its  vertical  face  down  stream  is  intended 
to  allow  the  water  a  clear  overfall  to  the  water  cushion. 

The  available  net  storage  capacity,  that  is  above  the  canal  bed,  is 
36  800  acre-feet,  though  the  executive  engineer,  Mr.  W.  P.  Von  der 
Horst,  says  that  the  lower  6  feet  are  of  little  service,  as  the  head  above 
is  not  sufficient  to  make  the  water  run  out  freely. 

The  canal  heads  just  on  the  upper  side  of  the  dam,  in  which  latter  are 
four  under-sluices  intended  to  scour  out  silt  and  prevent  its  deposit  at  the 
canal  head.  These  gates  are  worked  by  screws  and  capstans  from  above, 
and  have  an  additional  set  of  drop-gates,  to  be  used  to  ease  the  pressure 
on  the  main  gates.  The  openings  are  at  the  bottom  of  the  dam  and  are 
16J  X  6  J  feet,  with  a  masonry  "  Vena  Contractor  "  at  their  entrance.  The 
regulating  gates  at  the  canal  head  are  five  in  number,  and  have  each  two 
openings  one  above  the  other,  the  lower  being  under  an  extreme  head  of 
25  feet,  and  the  upper  of  12  feet,  the  object  being  to  admit  water  to 
the  canal  from  the  upper  one  when  the  reservoir  is  sufficiently  full,  and 
through  the  lower  openings  when  the  water  is  low,  thus  avoiding  the 
necessity  of  working  the  gates  under  the  full  head  of  pressure. 

Tanks. 

Tanks  closed  by  earthen  dams,  or  as  they  are  known  in  India, 
blinds,  were  constructed  in  great  numbers  by  the  natives  many  centu- 
ries ago,  and  in  some  places,  notably  in  the  Deccan,  Madras  and  Mysore, 
in  Southern  India,  and  in  the  Central  Provinces,  there  are  immense 
numbers  of  them.  These  old  tanks  were  usually  rude  in  construction, 
little  care  having  been  taken  to  economize  in  labor,  and  as  a  consequence 
the  dams  are  usually  much  wider  than  there  is  any  necessity  for. 

Recently  the  British  engineers  have  constructed  several  very  large 
tanks,  though  most  of  the  higher  ones  have  masonry  cores  or  are  paved 
heavily  on  the  up  stream  face. 

The  conditions  controlling  the  location  of  a  tank  are  similar  to  those 
for  a  reservoir;  the  water  supply  must  be  adeqtiate  to  fill  the  tank,  the 
location  must  be  such  that  a  suitable  dam  can  be  constructed  at  reason- 
able cost,  and  a  waste-way  must  be  provided.  In  the  location  of  the 
waste-way  for  a  tank  more  care  must  be  exercised  even  than  for  that  of 
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a  reservoir,  for  if  the  water  is  even  permitted  to  rise  too  high  on  the 
dam,  much  less  to  discharge  over  it,  it  Avill  speedily  cause  its  destruc- 
tion, as  it  is  constructed  of  earth.  It  is  desirable  always  to  allow  waste 
water  to  flow  off  by  a  side  channel,  which  may  be  closed  by  a  low  rock 
or  crib  work  weir,  or  may  even  consist  only  of  an  open  rock  cut.  By 
such  means  there  is  no  danger  to  the  dam  by  having  the  shock  of 
water  falling  over  it.  It  may,  however,  be  necessary  to  have  a  masonry 
waste-way  in  the  dam  itself,  but  this  is  not  advisable.  Such  a  waste- 
way  may  be  made  by  constructing  a  portion  of  the  dam  of  masonry,  the 
top  of  which  must  be  a  few  feet  lower  than  that  of  the  main  dam. 

It  is  possible  when  the  catchment  of  the  tank  is  small,  to  safely 
provide  for  wasting  flood  waters  through  an  outlet  or  discharge  channel 
in  the  dam.  Such  a  discharge  channel  is  necessary  in  order  to  draw  off 
the  water  for  irrigation,  and  must  be  of  sufficient  capacity  to  empty  the 
tank  in  the  shortest  irrigating  season.  The  level  of  these  outlet  sluices 
is  generally  that  of  the  bed  of  the  tank,  but  there  may  be  one  or  more 
higher  outlets  to  irrigate  lands  which  are  above  that  level.  These  sluices 
are  expensive  works,  and  require  a  well  constructed  masonry  or  iron 
conduit  to  be  carried  through  the  dam,  emptying  into  the  canal  at  one 
end  and  receiving  its  water  supply  at  the  other  end  through  a  well  or 
water  tower  from  which  its  admission  can  be  controlled.  It  is  usual  to 
make  the  outlet  tunnel  of  good  masonry,  and  it  must  not  be  smaller 
than  24  feet  high  by  2  feet  broad,  in  order  to  i^ermit  a  man  to  go  through 
to  examine  and  clean  or  repair  it  if  required. 

One  cause  of  the  breaking  of  Indian  tanks  is  that  great  numbers  of 
them  are  often  formed  in  one  valley,  the  bed  of  one  beginning  where 
the  cultivation  from  that  of  the  next  above  it  ends,  so  that  the  breaching 
of  one  of  these  often  results  in  the  destruction  of  a  succession  of  those 
below  it.  According  to  Captain  Green  there  are  over  20  000  tanks  of  all 
sizes  in  Mysore  State  alone.  These  usually  have  from  one  to  four 
masonry  escape  outlets  each. 

Large  deposits  of  silt  occur,  which,  in  the  course  of  time,  destroy  the 
usefulness  of  the  tank.  At  the  beginning  of  the  rainy  season  this  is 
largely  removed  by  having  the  mud  stirred  up  by  hand,  and  permitting 
the  flood  waters  to  carry  it  off"  through  the  discharge  sluices.  This, 
however,  is  only  partially  effective  like  the  under-sluices  in  a  reservoir. 
It  is  best  to  gradually  increase  the  height  of  the  dam  as  the  tank  fills 
up,  though  there  eventually  comes  a  limit  to  this  increase  of  height. 
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According  to  Col.  Baird  Smith,  the  Chumbrumbaukuui  tank  in 
Madras  has  an  area  of  9J  square  miles.  Its  capacity  is  69  000  acre-feet. 
Its  dam  is  over  B^  miles  in  length,  ranging  from  9  to  28  feet  in  thick- 
ness and  from  16  to  28  feet  in  height,  and  is  constructed  of  earth.  It 
has  six  waste  weirs,  having  a  total  length  of  676  feet. 

The  embankment  of  the  Kabra  tank  is  620  feet  long,  and  is  built  of 
stone  set  with  limestone  mortar,  backed  on  the  lower  side  by  an  earth 
bank  as  high  as  the  storage  wall,  which  latter  is  vertical  on  its  up  stream 
face.  The  greatest  height  of  the  dam  is  33  feet,  and  the  contents  of  the 
tank  is  132  800  acre-feet. 

The  Ekruk  tank,  iu  Bombay  Presidency,  is  closed  by  a  dam  7  200 
feet  in  length,  the  masonry  portions  being  2  730  feet  long.  The  maxi- 
mum height  of  the  earth  bank  over  the  stream  is  72  feet,  the  water  face 
being  pitched  wath  stones  two  feet  in  length.  The  area  of  the  tank  is 
6j  square  miles,  and  its  storage  capacity  is  41  700  acre-feet  of  water,  the 
maximum  depth  of  which  is  60  feet.  The  waste  weir  is  at  the  northern 
end,  and  consists  of  a  channel  250  feet  wide,  carried  through  a  spur  and 
leading  into  a  side  drainage  course. 

One  of  the  greatest  tanks,  which  is  formed  by  a  dam  constructed 
simply  of  earth,  isthe  Ashti  tank  in  the  Sholapur  district  in  theDeccan. 
This  great  work  was  undertaken  as  a  famine  relief  measure  in  1876, 
under  the  direction  of  C.  T.  Burke,  C.E.  The  project  comprised  a 
tank  on  the  Ashti  River,  formed  by  an  earthen  dam  12  709  feet  long,  58 
feet  in  maximum  height,  covering  4. 2  square  miles,  and  having  a  storage 
capacity  of  34  500  acre-feet  of  water.  Two  canals,  one  on  either  side 
of  the  Ashti,  extend  as  far  as  its  junction  with  the  Bhima  River.  These 
canals  command  25  270  acres  of  irrigable  land.  The  top  breadth  of  the 
dam  is  6  feet,  the  width  at  full  supply  level  42  feet,  and  the  height  of 
dam  above  full  supply  level  12  feet.  Above  this  point  the  slopes  are 
li  to  1,  and  below  it  the  inner  is  3  to  1,  and  the  outer  slope  2  to  1.  The 
sand  and  silt  were  cleaned  off  the  surface  along  the  dam  site,  which 
thus  rests  throughout  on  a  firm  foundation.  There  is  no  puddle  wall, 
but  a  ijuddle  trench,  the  filling  of  which  rises  1  foot  above  the  ground 
surface,  extends  throughout  the  whole  length  of  the  dam,  and  is  10  feet 
in  width,  and  has  been  excavated  down  to  a  compact  and  impervious 
bed.  It  consists  of  two  parts  sand  and  three  parts  of  black  soil.  The 
central  third  of  the  dam  is  built  iii?  of  selected  material  of  black  soil, 
extending  in  a  triangular  section  from  the  dam  crest,  where  it  is  6  feet 
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•wide,  to  the  base,  where  it  is  60  feet  in  width.  Outside  of  this  are  two- 
triangular  sections,  composed  of  the  brown  soil  of  the  country,  and  this 
is  faced  outside  with  from  1  to  15  feet  of  puddled  sand  and  black 
soil,  while  a  similar  jjuddle  on  the  inside  is  paved  with  6  inches  of  large 
stone  jaitching  to  enable  it  to  resist  wave  action.  The  waste  weir  dis- 
charges around  a  saddle  into  a  channel  separate  from  that  on  which  the 
dam  is  built,  and  is  excavated  in  rock,  being  600  feet  wide,  800  feet  long, 
with  a  slope  of  1  in  100.  Its  discharging  capacity  is  48  000  second-feet, 
which  will  cause  water  to  stand  7  feet  high  over  its  sill ;  the  latter  is  12 
feet  below  the  crest  of  the  dam. 

Peeiak  Peoject. 

Probably  the  most  interesting  combination  of  storage  work  and  irri- 
gation canal,  and  one  that  has  been  sanctioned  as  a  productive  work,  is 
that  for  the  diversion  of  the  waters  of  the  Periar  River  for  the  j)urpose 
of  irrigating  the  Viga  Valley  in  Madras.  According  to  the  report  of 
Major  J.  Penny cuick,  E.  E.,  the  object  is:  first,  to  construct  a 
dam  to  close  the  Periar  Valley  which  will  store  306  000  acre-feet 
of  water,  of  which  156  700  acre-feet  are  available  for  irrigation;  second, 
to  construct  a  tunnel  with  shaices  and  regixlating  gates  through  the  water- 
shed dividing  the  Periar  from  the  Vigay  Valley,  for  the  purpose  of  draw- 
ing off  this  storage;  thirdly,  the  construction  of  the  works  for  controll- 
ing the  supiDly  from  the  Periar  while  passing  down  the  valley  of  the 
tributary  by  which  it  reaches  the  Vigay;  fourth,  the  work  necessary  for 
the  regulation  and  distribution  of  this  supjily  for  the  irrigation  of. 
140  000  acres  of  land  in  the  Vigay  Valley. 

The  dam  is  to  be  constructed  throughout  of  concrete  and  is  to  be 
155  feet  high  above  the  river  bed,  exclusive  of  a  parapet  5  feet  high.  It 
will  be  1  230  feet  long  and  12  feet  thick  at  top,  and  154  feet  thick  at 
bottom,  with  a  cross-section  similar  to  that  obtained  by  M.  Bouvier's 
formula.  There  will  be  two  escapes  around  saddles  at  either  end  of  the 
dam;  one  will  be  cut  down  through  the  solid  rock  to  the  requisite  level,, 
and  will  be  420  feet  long;  the  other  will  be  partly  cut  down,  and  partly 
constructed  by  raising  a  low  masonry  weir  403  feet  long,  giving  a  total 
length  of  escape  at  this  end  of  500  feet.  At  a  distance  of  60  feet  from 
this  escape  weir  will  be  a  low  subsidiary  weir  10  feet  in  length,  with  its 
crest  30  feet  below  the  escape  weir  to  form  a  water  cushion. 

In  a  side  valley  below  the  main  dam  will  be  made  a  cutting  towards- 
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the  "Vigay  watershed,  21  feet  broad,  with  a  fall  of  1  in  440.  At 
5  400  feet  this  will  be  30  feet  deep  in  rock,  and  then  will  com- 
meuce  the  tunnel,  with  an  area  of  80  square  feet  and  a  fall  of  1  in 
75.  At  its  lower  end  the  tunnel  will  connect  with  a  cutting  similar 
to  that  at  its  upper  end,  through  which  the  water  will  pass  into  a  tribu- 
tary of  the  Vigay,  down  which  it  will  take  its  way  to  that  river.  This 
cutting  will  be  160  feet  iu  length,  the  tunnel  being  6  650  feet  long. 

The  reason  given  by  Major  Pennycuick  for  the  adoption  of  concrete 
in  the  construction  of  the  dam,  is  that  it  is  really  uncoursed  rubble 
reduced  to  its  simplest  form,  the  materials  used  in  either  case  being  iden- 
tical, as  is  the  resistance  of  the  two  to  percolation  and  crushing.  The 
selection  between  the  two  depends  entirely  on  their  relative  cost,  which 
will  here  be  high  for  rubble,  because  the  cost  of  labor  is  abnormally  ex- 
pensive, while  the  facilities  for  using  labor-saving  machinery  in  mixing 
■concrete  are  unusually  great. 

Beyond  the  general  plan  as  above  outlined  there  is  nothing  especial- 
ly worthy  of  note  in  the  regulating  gates  or  distributive  works.  There 
are  some  interesting  devices  to  be  used  in  controlling  the  water  of  the 
Periar  during  the  construction  of  the  dam,  and  some  of  the  diversion 
weirs  in  the  Vigay  Valley  are  worthy  of  note  did  space  permit. 


DISCUSSION 


J.  B.  Johnson,  M.  Am.  Soc.  C.  E. — What  is  the  maximum  velocity 
in  the  canal,  in  earth  or  clay  V 

Herbert  M.  Wilson,  M.  Am.  Soc.  C.  E. — It  ditfers  largely  according 
to  the  character  of  the  soil.  In  light  sand  the  mean  velocity  ranges  on 
Indian  works  from  1|  to  2^  feet  per  second;  in  a  more  clayey  soil,  from 
2  to  3  or  even  4  feet.  3  feet  per  second  might  be  taken  as  a  good  aver- 
age ;  in  gravel  the  velocity  may  be  far  greater.  In  stiff  clay,  at  the  95th 
mile  on  the  Ganges  Canal,  a  velocity  of  4.1  feet  produces  no  erosion. 

James  B.  Francis,  Past  President  Am.  Soc.  C.  E. — The  flow  of  the 
Mississippi  at  New  Orleans  during  the  recent  flood,  it  is  said,  was 
1  300  000  cubic  feet  per  second  ;  that  is  no  larger  than  some  of  these 
quantites. 

Desmond  Fitzgerald,  M.  Am.  Soc.  C.  E. — I  think  I  voice  the 
sentiment  of  every  hydraulic  engineer  here  when  I  say  that  I  have 
listened  to  Mr.  Wilson's  paper  with  utmost  enjoyment.     It  is  refreshing 
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to  listen  to  these  large  figures  when  we  have  been  dealing  perhaps  with 
a  few  cubic  feet  per  second.  It  does  not  seem  to  me,  however,  that 
our  practice  of  j)roviding  heavy  aprons  for  falling  water,  which  has 
been  founded  on  many  failures,  is  likely  to  be  upset  by  some  things  that 
we  have  heard  about  water  cushions.  Even  with  a  water  cushion  the 
effect  of  scour  is  very  great,  and  that  must  be  provided  for.  It  is  diflS- 
cult  for  me  to  suppose  that  I  can  carry  water  over  a  50-foot  dam  by 
simply  having  a  water  cushion. 

Mr.  Wilson. — Several  of  the  photograi^hs  show  weirs.  At  Vir  are 
two,  the  main  one  40  feet  high,  and  a  subsidiary  weir  20  feet  high, 
over  which  flows  in  the  first  case  as  much  as  90  000  second-feet  of 
water.  Over  the  crest  of  the  higher  weir  I  think  the  depth  of  the 
water  in  great  flood  was  8  feet,  and  the  depth  over  the  lower  weir 
was  13  feet.  In  the  case  of  these  weirs  the  foundation  is  rock  and  the 
surface  soil  chiefly  of  hard  pan,  the  abutments  on  both  sides  striking 
the  rock.  There  is  an  island  just  below  the  main  weir  which  the 
engineers  desired  to  wash  away  ;  it  backed  the  water  up  against  the 
weir,  and  caused  it  to  force  a  passage  around  the  island.  The 
material  of  this  island  is  5  or  10  feet  of  gravel  on  top,  underlaid 
by  a  hard  pan  in  which  limestone  nodules  are  found.  Channels  were 
cut  through  the  island  (and  the  same  thing  was  attempted  at  the  Betwa 
weir),  and  streams  were  directed  into  the  channels,  and  in  the  course  of 
three  or  four  years  these  islands  have  scarcely  eroded  it  at  all. 

Mr.' FiTZGEBAiD. — What  does  the  water  fall  directly  upon,  hard  pan? 

Mr.  WrLSON. — The  water  falls  over  the  weir  and  on  the  rock  bottom, 
churning  against  the  island  and  the  toe  of  the  weir,  and  the  channel  has 
been  excavated  about  15  feet  wide  between  the  weir-toe  and  the  island 
so  as  to  give  a  suflScient  passage  around  both  sides  of  the  island.  The 
weir  was  carried  all  through  the  island  gravel  and  founded  on  bed-rock, 
as  is  the  case  with  the  Betwa. 

Mr.  Fkanois. — We  have  a  natural  water  cushion  at  Niagara.  It  has 
made  a  water  ctishion  for  itself,  the  depth  of  water  being  very  near  the 
height  of  the  fall  itself.  The  bottom  rock  is  said  to  be  not  very 
hard. 

Mr.  Franz  A.  Yelschow. — So  far  as  I  have  been  able  to  follow  Mr. 
Wilson  I  have  found  his  able  description  of  the  Indian  irrigation 
works  correct  and  conforming  to  the  English  publications  on  the  sub- 
ject. But  I  understood  Mr.  Wilson  to  say  that,  judging  from  the  general 
configuration  of  the  two  countries,  and  the  direction  of  the  flow  of  their 
principal  rivers,  he  considered  the  climatic  conditions  of  India  and  the 
Western  States  as  somewhat  similar,  particularly  with  regard  to  the 
conditions  favorable  for  irrigation,  and,  as  I  have  published  elsewhere,. 
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there  appears  to  me  to  be  a  vast  diflference  in  this  respect.  India  is 
a  country  comparatively  easy  to  irrigate,  as  it  possesses  the  most  im- 
portant and  almost  necessary  condition  for  all  efficient  irrigations — an 
ample  and  never  failing  supply  of  water  in  the  principal  rivers.  On 
the  other  hand,  in  a  country  like  Australia,  first,  it  sometimes  fails  to 
rain  for  several  consecutive  years,  and  one  may  then  walk  dry-shod 
across  the  largest  river,  the  Murray-Darling,  which,  at  other  times,  may 
fairly  compare  to  the  Amazon  Eiver  in  magnitude.  Here  the  only  remedy 
against  drought  is  extensive  storage-works,  which  are  very  seldom 
needed  in  India. 

It  aj^pears  to  me  that  the  conditions  in  the  Western  States  lie  some- 
where between  the  two  extreme  cases  mentioned  here,  and  consequently 
much  storage  will  have  to  be  resorted  to  in  these  Western  States  to 
make  irrigation  successful  there.  As  to  the  immediate  cause  of  these 
dissimilarities  of  conditions  I  beg  to  refer  to  my  paper  on  the  cause  of 
trade-winds.* 

Mr.  WrLSON. — I  am  glad  this  question  has  been  brought  -ap.  In 
India,  in  the  regions  which  are  mostly  irrigated,  take  the  northwest 
lirovince  as  an  example,  the  rainfall  varies  from  20  to  40  inches  per 
annum,  is  scarcely  ever  as  low  as  20  inches,  and  is,  in  one  place,  on 
the  lowlands  of  that  province,  as  high  as  60  inches.  Most  of  this 
rainfall  occurs  during  the  summer  months  of  the  year,  the  monsoon 
period,  when  crops  are  raised  without  the  aid  of  irrigation.  Irrigation 
is  practiced  during  the  autumn  or  dry  season,  during  which  from  6  to  8 
inches  only  fall  in  the  north  west  provinces;  8  inches  would  be  high.  In 
the  Sinde  it  is  less  than  2  in.-hes.  The  autumn  croj)  is  the  one  that  I 
discuss  chiefly  in  this  ijajaer.  This  crop  is  raised  under  climatic  con- 
ditions similar  to  those  of  our  arid  regions.  The  chief  object  of  water 
storage  in  India  is  in  order  that  the  autumn  crop  may  be  grown.  The 
population  has  become  so  dense  that  the  summer  or  wet  weather  crop 
alone  is  not  sufficient  to  sujjply  the  needed  food,  and  by  storing  the 
water  they  are  enabled  to  raise  the  second  or  autumn  crops. 

The  studies  made  by  the  hydrograjshic  engineers  of  the  United  States 
Geological  Survey  show  that  the  annual  precipitation  west  of  the  Powell 
or  100th  meridian  is  below  20  inches.  In  Southern  California  in  the 
neighborhood  of  Yuma,  it  is  less  than  4  inches;  in  Colorado,  it  is  some- 
where near  15  inches;  in  Montana  13  inches  is  the  average  precipitation. 
The  climatic  conditions,  and  the  amount  of  peciiutation  during  the 
irrigation  season  in  the  arid  west,  are  almost  identical  with  those  of  the 
autumn  season  in  India.  In  Montana  the  precipitation  during  cropping 
season  varies  from  4  inches  to  about  7  inches,  while  the  annual  precipi- 
tation is  as  high  as  13  inches. 

*  See  Transactions,  Vol.  XXIII,  August,  1890. 
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H.  C.  Meyer,  F.  Am.  Soc.  C.  E. — What  about  getting  a  revenue  for 
water?  The  failure,  I  understand,  was  due  to  the  fact  that  the  water 
was  not  taken  in  the  dry  season.  Is  there  any  provision  for  getting  a 
revenue  every  season? 

Mr.  Wilson.— No;  they  cannot  compel  the  jieople  to  use  the  water. 
The  land  is  the  property  of  the  British  Government,  and  the  revenue 
is  collected  on  the  sale  of  timber  from  the  forests,  and  particularly 
on  the  lands  under  cultivation.  The  revenue  collection  is  under  a 
separate  force,  called  the  Eevenue  Service  of  the  Government,  and 
they  assess  the  taxes  on  the  land  according  to  the  crop  raised,  as 
given  them  by  the  engineers  in  charge  of  the  works.  Nearly  all  works 
and  all  land  are  the  proj^erty  of  the  Government.  The  water  is  applied 
for  by  communities.  At  the  end  of  the  season,  before  the  crop  is 
harvested,  the  collectors  examine  the  crops  and  assess  the  land  revenue 
according  to  the  crops  cultivated.  The  reason  for  this  is  that  such 
croj^s  as  sugar-cane  and  rice  use  a  great  deal  more  water  than  wheat,  etc. , 
and  are  hence  assessed  higher.  If  the  irrigators  do  not  ask  for  the 
water  the  Government  does  not  charge  for  it.  The  water  which  is  sup- 
plied from  wells  is  taxed  just  the  same  as  from  canals. 

Mr.  r.  H.  Newell,  Hydrographer,  U.  S.  Geological  Survey. — One  of 
the  most  striking  facts  brought  out  by  Mr.  Wilson's  paper,  beyond  the 
immensity  of  the  Indian  enterprises,  is  the  care  and  thoroughness  with 
which  each  detail  is  elaborated,  and  the  wonderful  permanence  of  all 
structures. 

For  each  irrigation  scheme  careful  surveys  are  made,  the  hydrography 
of  the  country  studied,  and  estimates  prepared.  These  in  turn  are 
examined  and  criticised  from  all  standpoints— financial,  engineering  and 
sanitary,  and  finally  construction  is  begun  in  a  most  thorough  and  sub- 
stantial manner.  Here,  on  the  other  hand,  irrigation  has  grown  up  in  a 
haphazard  way,  with  little  or  no  preliminary  examination,  and  the 
schemes  are  pushed  with  great  energy,  having  more  regard  for  quick 
returns  than  for  future  permanence  of  works  or  water  supply. 

Of  all  structures  made  by  man  those  having  to  do  with  irrigation  are 
by  far  the  most  permanent.  In  the  older  countries  where  civilization 
was  born — for  the  home  of  all  ancient  civilization  was  in  arid  lands — 
the  canals  still  remain  in  use,  although  in  many  cases  neither  history  nor 
traditioa  tells  of  their  builders. 

The  history  of  other  nations  has  shown  that  an  irrigation  canal  or 
system  of  ditches  once  developed — whether  located  poorly  or  not — is 
rarely  improved,  and  if  at  all,  with  the  greatest  difficulty  and  expense. 
All  rights,  individual,  corporate,  or  municipal,  quickly  become 
clustered  around  that  system  of  water  distribution,  and  he  who  would 
better  it  must  literally  buy  the  whole  country  before  it  can  be  changed, 
for  in  arid  regions  running  water  is  the  one  thing  which  gives  value  to 
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land.  From  this  fact  is  seen  the  great  importance  of  correct  location, 
proportioning  and  designing  all  parts,  and  the  necessity  of  the  utmost 
skill  and  forethought  in  projecting  the  canal  systems  for  all  time  to 
come. 

Since  the  evils  of  poor  engineering  are  so  far-reachiug,  it  is  pertinent 
to  inquire  what  is  the  actual  situation  in  the  States  and  Territories  of  the 
arid  region?  how  have  the  water  systems  been  laid  out?  and  what  is  their 
present  condition? 

Take,  for  example,  Utah.  This  Territory,  from  its  central  position 
geographically,  is  a  fair  representative  of  the  arid  region.  Irrigation 
was  begun  here  by  Americans  first,  and  has  been  developed  entirely 
uninfluenced  by  native,  Pueblo  Indian,  or  Mexican  customs. 

The  original  settlers  were  northern  men,  natives  of  humid  regions, 
to  whom  an  irrigating  ditch  was  a  curiosity.  Led  on  by  religious  zeal, 
and  driven  into  the  desert  by  fanaticism,  these  men  settled  in  what  was 
at  that  time  a  desolate  spot,  and  from  the  first  were  compelled  to  learn 
the  art  of  irrigation  by  trials  and  mistakes.  With  no  tools  but  farming 
implements,  and  the  engineering  skill  of  the  carpenter  or  blacksmith, 
the  canal  systems  of  this  Territory  were  laid  out,  and  have  increased 
until  all  the  availaljle  water  has  been  appropriated. 

As  a  consequence  of  this  manner  of  construction  tlie  ditches  are  of 
the  simplest  character.  The  head  works  are  usually  of  rough  boulder 
and  brush-wing  dams,  swept  away  by  high  water  and  rebuilt  after  each 
flood.  No  attempt  is  made  to  raise  the  water  by  weirs.  The  alignment 
of  the  ditches  is  astonishing,  a  ditch  stopping  little  short  of  crossing 
itself  in  its  windings,  following  contours  without  regard  to  length  or 
loss  of  grade.  The  grade  itself  varies  from  point  to  point,  and  the  cross 
section  is  constantly  changing. 

Provision  for  carrying  ofi"  or  diverting  surface  drainage  is  rarely 
made.  When  a  local  storm  occurs  it  merely  washes  out  a  portion  of  the 
ditch,  the  water  is  shut  off,  and  all  the  farmers  join  at  once  in  repairing 
the  breach. 

Main  irrigating  ditches  are  frequently  duplicated  many  times.  This 
usually  arose  in  the  following  manner:  the  first  settlers  being  of  course 
poor  and  in  urgent  need  of  a  food  crop,  joined  in  taking  out  a  ditch  to 
water  the  most  convenient  lands,  not  always  the  best.  The  next  comers, 
with  perhaps  some  o:  the  first  owners  who  were  not  able  to  get  all  the 
water  they  needed,  located  a  new  ditch  a  little  higher  and  commanding 
more  land,  starting  a  few  hundred  rods  further  up  the  stream  and 
running  on  the  edge  of  the  river  bank  a  few  feet  above  the  old  ditch. 

In  turn  a  third,  fourth,  and  even  fifth  ditch  was  taken  out,  each  one 
higher  and  larger — and  usually  a  little  better  built  as  the  commi\nity 
"became  richer.  The  last  comers,  with  perhaps  the  best  canal,  have  only 
the  surplus  or  flood  waters,  while  the  others  own  the  right  to  the  water 
in  the  order  in  which  the  ditches  were  built — the  first  ditch  taking  all 
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the  water  which  it  first  appropriated,  the  second  ditch  its  share  next^ 
and  the  third  in  turn,  and  so  on. 

Such  a  system  is  at  the  same  time  the  cheapest  and  most  wasteful. 
The  first  cost  is  at  a  minimum — little  or  no  capital  is  required,  and  only 
the  simplest  form  of  association  for  common  benefit.  The  annual  tax  is^ 
also  exceedingly  low,  almost  insignificant.  Actual  figures  of  both  these 
items  are  very  difficult  to  obtain,  as  the  class  of  men  who  built  these 
ditches  are  not  accustomed  to  estimates.  Careful  and  widespread  statis- 
tical inquiries  have,  however,  enabled  the  following  approximations  to 
be  made:  with  wages  for  a  ten-hour  day  at  $2  for  a  man,  and  S3. 50  for 
man  and  team,  using  plow  or  scraper,  the  first  cost  of  an  irrigating  system 
is  from  $1  to  $15  per  acre,  with  about  $6  per  acre  as  average.  The  an- 
nual tax  ior  maintaining  the  canal  and  all  supervisions  is  from  twenty- 
five  cents  to  SI  per  acre,  averaging  about  fifty  cents.  This  does  not 
include  extraordinary  washouts  and  similar  calamities  when  all  hands 
join  in  repairs. 

Although  the  cost  is  so  small,  yet  from  another  standpoint  the  loss 
is  enormous — both  in  wastage  of  water,  which  means  less  land  to  be 
cultivated,  and  loss  of  crops  through  accident.  The  duty  of  water  is 
very  low,  66  acres  to  the  second-foot  for  the  water  utilized,  is  an  average 
of  a  large  number  of  independent  estimates.  For  the  water  entering^ 
the  headgates  the  duty  is  much  lower.  At  the  average  rate  of  fifty  cents 
per  acre  this  would  only  amount  to  a  water  duty  of  833  per  second-foot, 
against  8113  as  cited  by  Mr.  Wilson  for  India.  However,  there  are- 
other  drawbacks  which  render  this  apparently  cheap  water  not  sa 
inexpensive.  The  unstable  character  of  important  portions  of  the 
canals,  as  headworks  and  flumes,  the  unregulated  liberty  of  apjaropria- 
tion  of  river  water,  with  the  consec|uent  quarrels  over  water  division, 
make  the  real  cost  far  greater  than  it  appears. 

The  American  irrigating  canals  compare  more  nearly  in  size  with  the 
distributaries  of  India,  and  thus  the  remarks  by  Mr.  Wilson  under  this 
head  have  direct  bearing.  He  shows  that  the  English  engineers  have 
demonstrated  by  detailed  exi^eriments  the  greater  relative  cost  and  loss  of 
water  in  the  smaller  distributaries.  This  fact  concerning  the  great  waste 
of  water  by  the  parallel  systems  of  small  ditches  cannot  be  too  greatly 
emj)hasized,  when  we  see  to  what  extent  this  is  being  done  in  our 
country,  where  water  is  already  scarce. 

W^hile  the  actual  figures  obtained  in  India  concerning  this  relative 
loss  do  not  hold  good  here,  yet  we  have  every  reason  to  believe  that  the 
waste  is  as  great,  and  probably  greater,  since  our  small  ditches  are  more 
poorly  made  than  the  large  ones. 

On  another  point — the  keeping  of  the  canal  surface  above  the  level 
of  the  country,  and  condemnation  of  stops  or  dams  in  the  ditches,  the 
opinion  of  the  Indian  engineers  deserves  heed. 

The  essential  difference  between  irrigation  in  India  and  in  the  United 


DISCUSSION"    ON"   IRRIGATION    IN    INDIA.  25& 

States  is,  that  while  there  the  canals  are  owned  and  built  by  the  gov- 
ernment, and  regulated  not  for  iirofit  alone,  but  directly  for  the  benefit 
of  the  people  and  i^rotection  from  famine,  in  the  United  States  irriga- 
tion has  sprung  from  private  enterprise,  and  the  government  has  as  yet, 
in  legislation,  hardly  recognized  its  existence.  Originally  the  farmers 
built  the  irrigating  ditches  solely  as  a  necessary  adjunct  to  cultivating 
the  soil.  Of  late  years,  however,  the  great  increase  in  value  of  the  land 
under  ditch  has  attracted  the  attention  of  capitalists,  and  larger  and  less 
wasteful  canals  are  rapidly  being  built. 

Water  appropi-iation  has  gone  on  unchecked  and  unregulated,  ap- 
parently under  the  motto"  of  each  man  for  himself;  the  quantity  of 
water  carried  by  many  streams  being  claimed  many  times  over. 
Quarrels  about  water  divisions  arise  not  only  between  rival  individual 
api^ropriators,  but  between  counties,  districts.  States  and  Territories, 
and  even  involve  the  United  States  and  Mexico. 

In  how  far  the  State  or  nation  is  justified  in  i^ursuing  this  '' laissez 
/aire"  course  must  be  left  to  legislators.  All  engineers  concede,  how- 
ever, that  great  advancement  will  be  made  when  the  various  States  and 
Territories  adopt  regulations  and  inspection  suited  to  local  needs,  and 
the  United  States  broad  and  comj^rehensive  legislation  on  the  subject. 
On  this  point  one  of  our  best  engineers,  Elwood  Mead,  Territorial 
Engineer  of  Wyoming,  says  in  his  last  report:  "These  evils  [defective 
works  and  wrong  locations]  will  in  time  undoubtedly  disappeai',  but 
they  could  almost  wholly  have  been  obviated  by  the  exercise  on  the 
part  of  the  Territory  of  an  intelligent  preliminary  supervision  over  the 
location  and  construction  of  all  irrigation  works." 
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The  plates  illustrating  the  paper  by  Mr.  Wilson  on  Irrigation  in 
India  are  : 

Plate  LXII,  Nadrai  Aqueduct. 

LXIII,  Solano  Aqueduct. 

LXIV,  Drainage  Map  showing  arrangement  of  Distribu- 
taries. 

LXV,  Ganges  Canal — Banipur  Superpassage. 

LXVI,  Bhatgur  Dam. 

LXVII-LXVIII,  Tansa  Dam. 

LXIX,  Plan  of  Periar  Project. 

LXX, 

LXXI,  Map  of  India. 

LXXII,  Cross  Sections  of  Weirs,  Ganges,  Soane,  Agra  Nira 
and  Betwa  Canals. 

LXXm,  Cross  Sections  of  Bunds;  Syphon  Superpassage; 
Kao-Nulla  Syphon  Aqueduct;  Double  Gates,  Flush- 
ing Sluices,  Soane  Canal. 
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PINE     STRINGERS    AND    FLOOR-BEAMS    FOR 
BRIDGES. 


By  Onwakd  Bates,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


Early  last  year  the  writer  announced  liis  intention  of  presenting  at 
tlie  Annual  Convention  of  the  Society  a  paper  on  timber  trestle  bridges, 
and  failing  to  carry  out  that  intention,  he  promised  the  paj)er  should  be 
ready  for  the  Convention  of  1890. 

An  uninterrupted  pressure  of  professional  work  has  interfered  with 
the  fulfillment  of  his  promise,  and  to  redeem  it  in  part  he  offers  some 
tables  of  tests  of  the  transverse  strength  of  pine  timber,  with  suoh 
comments  as  he  is  able  to  make  from  a  study  of  the  subject. 

It  has  seemed  to  the  writer  that  the  subject  of  wooden  stringers  for 
bridges  has  been  neglected  by  our  profession.  Upon  most  of  our  west- 
ern and  southern  railroads  the  majority  of  the  bridges  are  of  wood,  and 
the  track  is  carried  by  longitudinal  stringers  or  transverse  floor-beams,. 
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subjected  to  bending  strains.  The  railway  comi3any  which  it  is  the  for- 
tune of  the  writer  to  serve  has  in  use  over  100  miles  of  such  bridges, 
and  the  problem  of  economical  maintenance  consistent  with  safety, 
involves  large  exi^enditures  annually.  This  being  only  one  road  of  a 
great  many,  whose  practice  is  similar,  the  writer  feels  that  his  partial 
presentation  of  the  subject  will  interest  many  of  our  members,  and  he 
trusts  to  be  rewarded  with  the  results  of  their  experience  in  the  discus- 
sion of  his  paper. 

The  present  practice  of  great  axle  loads  and  close  spacing  of  wheels 
of  rolling  stock  brings  heavy  concentrated  loads  on  bridge  stringers. 
An  investigation  of  the  weights  of  locomotives,  snow-i^lows,  etc.,  led  at 
once  to  the  question  of  the  strength  of  wooden  stringers.  Literature 
on  this  subject  was  found  to  be  scarce,  and  with  the  exception  of  the 
series  of  valuable  tests  of  wooden  beams,  made  by  Professor  Lanza,  the 
writer  was  unable  to  find  any  which  would  apply  to  his  jjractice. 

The  tests  which  are  represented  in  the  tables  accompanying  this  paper 
were  made  to  determine  the  strength  of  pine  stringers  and  floor-beams, 
as  are  commonly  used  in  bridges.  Tests  are  numbered  in  the  tables 
consecutively,  and  in  discussion  of  them  will  be  referred  to  by  number. 
Nos.  1  to  40  inclusive  were  made  by  Mr.  George  Gibbs,  Mechanical 
Engineer,  on  an  Olsen  testing  machine.  Nos.  41  to  67  inclusive  were 
made  by  Mr.  A.  J.  Hart,  district  carpenter,  with  a  machine  constructed 
for  the  purpose.  All  computations  in  the  tables  were  made  by  Mr.  W. 
H.  Finley,  Assistant  Engineer. 

Photographs  are  presented  to  the  Society,  numbered  to  correspond 
with  the  numbers  in  the  tallies,  which  show  clearly  how  the  tests  were 
made.  Plates  LXXIV  and  LXXV  are  rejiroductions  of  two  of  these 
jDhotographs.  The  method  of  obtaining  deflections,  which  is  not  shown 
in  the  photographs,  is  as  follows: 

A  nail  was  driven  into  the  side  of  the  specimen  at  each  end  and  at 
the  middle  of  its  height.  A  fine  wire  was  fastened  to  the  nail  at  one  end 
and  passed  over  the  nail  at  the  opposite  end  with  a  weight  suspended  to 
it.  This  weight  took  up  any  slack  which  would  be  caused  in  the  wire 
by  the  shortening  of  the  specimen  in  bending,  and  kept  it  taut  and 
straight.  The  deflections  were  measured  with  a  steel  scale  at  the  middle 
of  the  stick,  and  a  number  of  deflections  were  taken  for  each  test,  in 
order  to  reduce  errors  by  averaging  the  moduli  of  elasticity.  The  meas- 
urements of  deflection  and  calculation  of  the  moduli  of  elasticity  were 
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tedious,  and  ouly  attempted  on  the  first  forty  of  the  tests.     As  these 

mcdnli  are  only  useful  in  calculating  the  deflections  of  beams  under 

given   loads,  the  same  importance  was  not    attached    to    them   as  to 

the  moduli  of  rupture.     The  general  average  of  the  forty  tests  being 

1123090,  it  would  seem  that  the  common  practice  of  assuming  a  modulus 

■of  1200000  cannot  be  far  from  being  correct  for  white  or  Norway  pine. 

The  moduli  of  rupture  given  in  the  tables  are  lower  than  is  to  be 

iound  in  any  of  the  text  books  to  which  the  writer  has  access,  but  he 

Ijelieves  the  results  of  his  tests  are  nearer  what  may  occur  in  actual  use 

than  those  of  anv  series  of  tests  made  on  smaller  specimens.     He  quotes 

Professor  Lanza  as  the  best  authority  on  this  subject,  and  on  page  537 

of  Lanza's    "Applied   Mechanics"  the  average   modulus  of  elasticity 

(omitting  one  exceptional  piece  of  clear  pattern  stock)  is  1062356,  and 

of  rupture  4537.     The  corresponding  averages  of  the  tests  1  to  40  are 

1123090  and  3906.     The  largest   sijecimen  in  Professor  Lanza's   tests 

quoted  above  is  3  x  13  inches,  while  the  largest  of  the  West  Milwaukee 

specimens  is  10  x  16  inches,  giving  respective  moments  of  resistance 

,  3  X  13  X   13       _,  _         ^  10  X  16  X  16        ._  „_ 

of =  84.5,  and y. ■  =  426.67. 

b  o 

Professor  Lanza  has  also  divided  his  tests  into  two  classes,  those 
which  fail  by  ruptiire  of  extreme  fibers,  and  those  which  fail  by  shearing 
in  the  line  of  the  neutral  axis.  The  writer  did  not  make  this  distinction. 
Preferring  to  have  one  standard  of  strength,  he  adoisted  as  the  mod- 
ulus of  rupture  the  stress  on  extreme  fibers,  whether  the  failure  was 
caused  by  breaking  or  shearing. 

The  object  of  the  West  Milwaukee  experiments  was  to  test  the 
strength  of  the  timber  under  as  nearly  as  possible  the  same  conditions  as 
when  in  use  on  the  bridges. 

None  of  the  specimens  were  selected  for  testing.  District  car- 
penters were  ordered  to  send  to  the  testing  room  new  stringers  taken 
without  discrimination  from  accepted  stock,  and  were  given  the  numbers 
of  trestle  bridges  on  the  road  where  the  ages  of  the  stringers  were 
known,  and  told  to  take  out  a  span  from  each,  mark  the  name  of  the 
bridge  on  the  stringers  and  send  them  to  the  testing  room.  Employees 
engaged  in  testing  did  not  know  the  ages  of  the  stringers  which  were 
taken  from  the  bridges. 

The  tests  lead  us  to  the  following  conclusions: 

First.— QveQU  timber  is  not  as  strong  as  after  it  has  seasoned. 
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Second.— Age  and  use  does  not  weaken  the  timber.  It  preserves  its. 
strength  until  weakened  by  decay. 

Third. — Knots  do  weaken  the  timber  seriously,  both  in  reducing  the 
effective  section  of  the  beam,  and  in  causing  the  fiber  to  be  curly  and 
cross-grained. 

Fourth. — While  age  does  not  weaken  the  timber  itself,  it  weakens  it 
by  season-checking. 

The  second  and  third  conclusions  have  special  bearing;  on  j^ine  tim- 
ber from  Michigan,  Wisconsin  and  Minnesota  (the  Avriter  is  most 
familiar  with  timber  from  that  section),  as  it  is  not  practicable  to  obtain 
it  in  the  quantities  required  for  bridge  construction,  free  of  knots,  and 
it  is  difficult  to  get  it  with  a  reasonably  small  number  of  knots.  The 
timber  in  this  section  of  country  is  usually  small,  and  stringers  and 
floor-beams  are  cut  with  the  heart  of  the  tree  in  the  center  of  the 
stick. 

In  seasoning,  the  timber  cracks  from  the  heart  in  the  line  of  least, 
resistance,  which  is  generally  along  the  neutral  axis  of  the  stick. 
Stringers  which  have  been  long  in  use  are,  as  a  rule,  badly  season- 
checked  along  the  middle  of  their  depth. 

It  is  also  difficult  to  obtain  timber  from  this  section  of  country  which 
is  free  from  sap.  Sap  is  not  so  much  of  an  objection  as  are  knots,  for 
the  former  is  straight-fibered  and  possesses  strength  until  weakened  by 
decay,  while  the  latter  impairs  the  strength  of  the  stick  from  the  outset. 

It  may  be  noticed  in  the  tables  that  the  descriptions  of  specimens 
contain  the  terms  "  butt  cut,"  "  second  cut,"  etc.  These  outs  are  not 
vouched  for.  Employees  who  were  timber  exi3erts  i^rofessed  to  be  able 
to  tell  from  the  appearance  of  the  sticks  which  cuts  they  were,  and  the 
entries  were  made  accordingly.  Butt  cuts  are  usually  better  timber  than 
those  which  come  from  higher  up  the  tree,  for  the  reason  that  they  are 
less  knotty.  Butt  cuts  are  also  more  apt  to  be  wind  shaken.  The  defect 
of  wind  shakes,  when  used  as  stringers,  is  sometimes  overrated.  Short 
grained  timber  is  apt  to  break  in  the  forest,  under  the  effect  of  wind 
storms,  while  the  long-fibered,  straight-grained  trees  rock  back  and 
forth  and  become  shaken  near  the  butt.  This  class  of  fiber  is  com- 
monly seen  in  the  wind-shaken  timber. 

The  number  of  tests  made  at  West  Milwaukee  are  not  sufficient  to 
determine  the  respective  merits  of  white  and  Norway  pine.  The  latter 
is  more  free  of  knots,  but  is  more  sappy  than  the  former,  and  in  conse- 
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quence  decays  quicker.     The  writer  considers  Norway  pine,  when  free 
from  sap,  to  be  equal  in  quality  to  white  pine. 

Passing  to  tests  41  to  55,  which  were  made  at  Minneajjolis,  these 
tests  were  made  to  determine  the  quality  of  a  lot  of  new  stringers, 
which  were  objected  to  on  account  of  being  knotty,  and  eight  tests  were 
made  of  those  which  were  accepted  and  seven  tests  of  those  rejected. 

These  tests  Avere  made  by  i^lacing  a  hydraulic  jack  on  a  track  scale, 
with  the  specimen  lying  across  it,  and  loops  over  the  ends  of  specimen 
■which  were  fastened  to  anchors  in  the  ground  each  side  of  the  scale. 
The  scale  was  tested  with  standard  test  weights,  and  should,  therefore, 
weigh  the  load  accurately.  The  weight  of  the  hydraulic  jack  and  of 
tlie  end  loops  was  deducted  from  the  scale  beam  reading,  and  the  diifer- 
ence  taken  as  a  center  load  on  a  beam  suj)ported  at  the  ends.  It  will 
be  noticed  that  the  average  modulus  of  rupture  of  the  seven  accepted 
sticks  is  6  per  cent,  higher  than  the  average  of  the  West  Milwaukee 
tests.  In  these  tests  the  difference  between  placing  the  good  and  bad 
edges  in  tension  was  noted,  and  the  results  confirmed  the  practice  of 
using  the  best  edge  of  a  beam  in  tension,  and  placing  it  in  the  bridges 
with  knots  and  other  defects  upi:)ermost. 

Tests  56  to  67,  inclusive,  are  upon  Douglas  fir  or  Oregon  pine,  as  it  is 
difierently  called,  and  were  made  at  the  mill  where  the  timber  was 
sawed  in  the  State  of  Washington.  For  this  purpose  a  portable  testing- 
machine  was  necessary,  and  the  writer,  with  the  assistance  of  Mr.  Hart,, 
devised  the  one  shown  in  the  sketch,  Plate  LXXVI. 

The  hydraulic  jack  with  which  the  stringers  were  broken  at  Minne- 
ajjolis  was  fitted  with  a  pressure  gauge.  While  the  Minneapolis  tests 
were  being  made  a  large  number  of  readings  of  the  gauge  were  taken, 
and  compared  with  the  readings  of  the  scale  beam.  From  these  a  cor- 
rection was  made  for  the  friction  of  plunger,  and  the  corrected  gauge 
readings  of  the  Washington  tests  may  be  taken  as  accurate,  when  the 
size  of  the  specimens  is  considered.  It  will  be  noted  that  the  fir  tim- 
bei:  is  about  50  per  cent,  stronger  than  white  or  Norway  pine.  This 
timber  is  of  excellent  quality,  free  from  sap,  and  can  be  obtained  com- 
paratively free  from  knots.  Objection  is  made  that  it  season-checks  badly 
and  Avarps  in  the  sun.  The  Avriter  has  not  had  sufficient  experience 
with  it  to  know  the  extent  of  these  faults,  but  all  of  the  inquiries  he 
has  made  have  Ijeen  met  with  replies  eulogistic  of  the  timber. 

The  question  as  to  what  sizes  can  be  obtained  has  been  an^jwered  from 
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several  sources  that  it  can  be  obtained  up  to  2  feet  square  and  100  feet 
long.  The  writer's  emj^loyers  have  purchased  a  large  lot  of  this  timber 
for  Howe  truss  chords  and  floor-beams,  and  the  appearance  of  it  justifies  ^ 

its  praise.  I 

Appended  to  this  is  the  report  of  Mr.  Hart,  who  represented  the 
writer  in  an  investigation  of  this  timber,  and  which  is  interesting  when 
taken  in  connection  with  tests  of  it. 

This  paper  is  intended  as  a  record  of  the  writer's  notes  and  observa- 
tions on  the  subject  during  the  last  two  years.  He  has  been  astonished 
to  discover  what  a  complicated  and  interesting  thing  a  plain  wooden 
beam  is,  and  so  far  from  feeling  that  he  has  exhausted  the  subject,  it  is 
his  sincere  hope  that  other  members  will  be  sufficiently  interested  to 
pursue  it. 

In  these  days  of  great  bridges  it  will  not  do  to  neglect  the  small 
ones,  and  the  failure  of  a  16-foot  span  may  wreck  a  train  as  eifectually 
as  if  it  were  1  600  feet. 

There  is  nothing  in  this  paper  about  the  fiber  stress  which  should  be 
permitted.  Given  the  loads  and  the  strength  of  the  material,  the  engi- 
neer who  builds  a  bridge  must  decide  the  amount  he  will  strain  the 
latter.  It  may  not  be  improper  to  add,  as  a  word  of  warning  to  those 
who  are  running  modern  engines  over  their  bridges,  that  they  take  note 
of  their  pine  stringers  and  floor-beams. 

It  having  been  the  writers  intention  to  bring  to  the  consideration  of 
the  Society  the  subject  of  "timber  trestle  bridges,"  he  ventures  to  add 
as  an  appendix  to  his  paper  some  plans  of  trestle  bridges  and  pile 
piers,  which  were  prepared  in  his  office,  and  upon  which  he  invites 
criticism. 
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APPENDIX. 

Beporfc  of  A.  J.  Hart  ou  Douglas  fir. 

Analysis  of  timber  tests. 

Tables  of  tests. 

Sketch  of  testing  machine. 

Two  photographs  showing  method  of  testing. 

Five  plans  of  trestle  bridges  and  pile  piers. 

Minneapolis,  April  5th,  1890. 
Mr.  Onward  Bates,  E.  and  S.  B.  and  B., 

Milwaukee,  Wis. : 

Dear  Sir, — All  of  the  tests  I  made  atTacoma,  Wash.,  were  Douglas, 
or  Oregon  fir — that  is  what  the  majority  of  i^eople  call  it. 

Unlike  our  white  pine,  it  has  a  very  coarse  bark,  and  I  should  judge 
by  the  grain  that  it  grew  very  rapidly.  In  some  instances  the  fiber  is 
nearly  or  quite  J  inch  thick  and  of  different  density.  One  fiber  will  be 
soft  and  pulpy,  the  other  hard.  This  coarse-grained  timber  is  not  as 
strong  as  the  finer-grained,  as  when  it  is  subjected  to  a  high  strain 
the  fiber  will  separate  and  buckle,  and  in  some  instances  will  pull  in 
tension  for  a  distance  of  7  feet,  as  in  test  No.  8.  It  does  this  when  green, 
and  I  do  not  think  it  would  be  affected  in  this  way  when  dry,  as  it  is  very 
hard  and  dense  when  dry.  I  also  had  some  trouble  with  the  finer- 
grained  timber,  in  the  fiber  crushing  at  lower  edge  above  the  jack,  and 
shoving  or  doubling  up.  But  recollect  this  green  timber  was  all  taken 
from  the  saw  except  test  No.  12,  which  had  been  sawed  several  days  and 
was  what  I  called  a  rejected  stick.  A  person  not  familiar  with  this  fir 
timber  would  judge  from  the  outside  appearance  that  there  were  several 
species,  as  it  varies  in  color  of  timber  in  the  grain  and  also  in  the 
bark.  I  had  some  experience  with  timber  in  the  logs  at  Bucoda,  as 
they  had  a  large  quantity  of  logs  in  the  river  ranging  in  size  from  2  to 
7  feet  in  diameter  and  from  12  to  80  feet  long.  There  is  one  feature 
about  this  timber  that  surprised  me:  that  was  the  smooth  appearance 
of  the  logs,  and  on  opening  them  with  a  saw  nine  out  of  ten  of  the  logs 
wiU  be  knotty  on  the  inside.  I  picked  out  three  logs  in  the  river  that 
were  3  to  4  feet  in  diameter  and  50  to  60  feet  long,  and  had  them  taken 
into  the  mill  to  get  some  sample  chord  sticks.  We  did  not  get  one  chord 
stick  out  of  the  three  logs — all  turned  knotty  in  the  heart.  I  was  disap- 
pointed, but  went  back  and  picked  out  three  more  logs,  and  Ave  got 
five  chord  sticks  out  of  the  three  logs.  I  found  by  close  observation  that 
there  was  a  perceptible  swell  in  the  log  where  the  timber  had  grown 
over  the  knots.  In  some  instances  one-half  of  the  log  would  be  clear 
and  the  other  half  knotty,  but  on  the  whole  I  consider  it  very  desirable 
timber  for  bridges,  and  I  think  in  our  climate  its  life  will  be  ten  to 
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twelve  years.  But  this  is  merely  my  opinion  based  upon  what  they 
told  me  in  Washington.  They  say  it  lasts  from  eight  to  uiue  years 
there,  where  the  extremes  between  wet  and  dry  are  so  great.  I  exam- 
ined the  stringeis  in  several  of  their  bridges,  and  in  one  instance  where 
they  said  they  had  been  in  seven  years  they  were  in  good  condition, 
and  I  saw  some  stringers  at  Kalama  that  had  been  taken  out  of  a  bridge. 
The  engineer  said  they  had  been  in  nine  years.  They  were  badly  rotted 
at  the  ends  where  they  rested  on  the  caps. 

Judging  from  the  dry  sticks  I  tested,  this  timber  does  not  stand  as 
great  a  strain  when  dry  as  when  green,  although  the  samples  I  had  were 
very  poor.  I  send  you  herewith  a  sketch  of  the  sticks  I  tested,  showing 
the  condition  as  near  as  I  can,  as  I  could  not  take  such  data  as  I  would 
had  we  been  testing  with  our  own  men.  We  had  to  take  men  from  the 
mill,  and  I  rushed  the  tests  through  as  fast  as  I  could.  Hoj^ing  they 
will  be  satisfactory,  I  remain. 

Yours  truly, 

A.  J.  Hart,  D.  C. 
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DISCUSSION. 


C.  Palmee,  M.  Am.  Soc.  C.  E. — These  tables  are  extremely  valuable. 
One  could  wish  that  they  embraced  a  greater  range  of  sizes  and  lengths, 
but  the  labor  of  preparing  them  must  have  been  great,  and  they  cover  a 
reasonable  amount  of  ground.  With  a  little  patience  and  judgment 
other  sizes  can  be  interpolated.  I  find  a  substantial  agreement  between 
the  results  and  the  formulas  Boiler  gives,  on  pages  105,  106  and  107  of 
his  "Highway  Bridges,"  turning  center  into  distribiited  loads,  and 
using  a  factor  of  4  to  6.  But  while  all  this  assists  our  judgment,  very 
much  remains  to  be  considered  in  the  preparation  of  efficient  plans. 
The  deflections  for  loads  corresponding  to  that  of  an  engine  with  60  000 
pounds  on  drivers  are  from  one-quarter  to  one-half  inch.  This  imparts 
an  undulatory  motion  to  the  load,  resulting  in  an  impact  which  is  prac- 
tically impossible  to  compiite.  It  often  happens  too  that  the  track  on 
the  embankment  api:)roaching  a  bridge  is  so  out  of  surface  that  the  en- 
gine literally  bounds  on  to  it.  These  things  suggest  a  wide  margin  for 
safety. 

There  is  but  little  criticism  to  make  on  the  plans.  Practice  varies, 
and  there  are  a  good  many  good  plans.  These  are  of  ample  strength 
and  are  well  sway-braced,  but  I  prefer  2i  to  3  inch  batter  for  the  out- 
side posts.  I  like  short  bolsters  under  ends  of  stringers.  They  prac- 
tically shorten  the  span  at  each  end  to  the  amount  of  their  depth,  and 
Increase  the  stringer  bearings.  Mr.  Bates  must  have  observed  instances 
whene  stringers  bearing  but  6  inches  on  caps  have  lost  a  good  portion  of 
that  by  the  decay  of  a  sappy  corner  on  the  cap. 

Referring  to  the  joint.  A,  in  the  two-story  bent,  I  would  either  raise 
the  longitudinal  tie  one  foot  above  the  timber  girt,  or  place  it  on  the 
inside  of  the  post,  to  get  rid  of  the  receptacle  for  moisture  on  the  out- 
side of  the  i^ost  at  its  foot. 

I  notice  the  outside  track  stringers  are  fastened  to  the  caps  with 
bridge  bolts.  That  is  well  enough  if  the  piles  are  so  well  driven  that 
the  bridge  will  never  need  surfacing.  Railroad  comjianies  can  get  such 
work  done  by  their  regular  bridge  force,  but  it  takes  more  efficient 
watching  than  I  could  ever  secure  to  get  it  done  by  contractors. 
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NOTE  —Ends  of  Stnngera  must  be  so  cut  that  they  will  abut  against  each  other  for  2  in.  down  from  the  top  and 
leave  an  air  space  of  Ks  in.  between  their  ends  at  bottom.  At  bank  bents  a  3  in.  air  space  must  be  provided  by  sep- 
arating strips  between  planking  and  cap  and  stringer.  Standard  caps  are  to  be  13  in.  x  14  in.,  with  the  14  in.  side 
horizontal.    When  pine  ties  are  usjd,  they  must  be  placed  12  in.  center  to  center. 


18QO 


A'Bo/t.saA  %n.-H'lg.  u.h. 
•"  %   ■    ■ 


'■"•'ory  Zt-^Tfe  ^- — ^      I     \ 


PLATE    LXXVn 

TRANS-AM. SOC. CIV   ENGRS  . 

VOL  XXIII   NP  455 

BATES    ON    BRIDGES. 


Oetai/of  Guard  SsU  JoM. 


a 


— ^ZeVSTIQ^- 


,       ,  Ho/esfo  be  hored.tv/jeff  necessary, 

^-o„WBolu.2xyy^-\^      ^for  refy^x^al of  PacMwff  Bolts. 


i  3o/tt-Sa  hfn.-2^6i'/a.u 


tsh.topi  /■Shftatj.b, 


\-^'6olts-3'-li~/oncf. 

1  ^ZSc^n'jfsand  ZS/oflV^sher-a. 


fl 


—  Cast  Pack.'ng  Wa^sher.  — 


H  H.H  H.H  H.H  H.H  H.H  H.H  H.H  H  H  H  R  H.H  H.H  H.H  H-P  H-K 


RfflMMMHpSfflP 


— J^SXS—   /VS  5Vw»f  S racing!  gn  Bents  /ess  than  6feecthie/h.- 

-  &Ie  Bents  up  toZOftMigJi.- 

-^Br/og£^Builo//^gO£p't.  • — 
— StWnclarcf  Pile  Benf  Trestle.  — 

Milwaukee.  Feb..  /869  — 


i  Wri/Holf  A77g^ 


PLATE    LXXVIIl 

TRANS,  AM. SOC. CIV   ENG'RS. 

VOL  XXIII   NO  45S. 

BATES    ON    BRIDGES. 


Frcimeaf  Sen/  rea///!tr  o/r^Si/U. 


Mz/yyaukee.  FeJb  /S^S  — 


'   '  ^  ^  ^  ^   '•  ^  '    ■    ^  '" 


Defai/ofJolnf  fl 


PLATE    LXXIX. 

TRANS.  AM.  SOC.  CIV.  ENGRS  . 

VOL  XX  III    N9  455. 

BATES    ON    BRIDGES. 


Ffifiai€QSetfTS  rnoAt  '3'f'^'re  ^l^^HiQH 


FaaMSQ  6€f/f4  f/ioar  44^ TQ  SQ  ^Hi<gfi- 


-CM.^St.P.Ry.- 

~-BfitOG£^ButLDIf/'GD£PT.  — 

Standard  Framed  Benf  Trestle 


-Mi/waukee.  March.  /889. 

U  f  f  f  f  fTffT^-y? 


PLATE     LXXX 
TRANS.  A  MS  OC.  CIV.  ENG'RS 
VOLXXIII    N9  ASS- 
BATES    ON    BRIDGES. 


C.A/f.S'Sf.P.ffy. 

BRIDGE^  BUILDING   DEP'T. 

Standard  Pile  Pier 

S'  Abuimeni. 

foR  48^"^  Tots'" ^"^owc  Trusses. 

Milwaukee  Apr  11,1889. 


^n'>i.<£„oaM,^. 


Eho. 


84  6i -for  88'^ 
94-63  .  98 
/04-6i  .,  I08 
Il4'bi  -  lia 
/24-6i  ,  /28 
/34-6i  ,  /J8 
/44-6i  .  Ma-\- 

/S4-6i  ../^a 


12    Odk  filsnk 
nose  heiwetn 
h  &.  low  Water. 


PLATE     LXXXl. 
Y    TRANS.  AM. SOC, CIV.  ENGRS - 


CmoElevatiom. 


C.M.^St.RRy. 

BRIDGE  ^  BUILDING    DCP'T. 

Sf&n clard  Pile  Pier 

^  Abuimeni. 

For  88'"^To  168'^'^  Howe  Trusses. 
Milwaukee  May,  1889. 


AMEEIOAN  SOCIETY  OF  CIVIL  ENCINEERS. 

INSTITUTED     1852. 


Note. — ^This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions'  advanced  in 
any  of  its  publications. 


456. 

(Vol.  XXIII.— December,  1890.) 


COMPONENTIAL  TRUSSES  FOR  TRAVELING 
CRANE. 


By  Henry  B.  Seaman,  M.  Am.  Soc.  C.  E. 


There  was  recently  constructed  at  tlie  marble  yard  of  Messrs.  John 
Baird  &  Sons,  Philadelphia,  an  iron  trestle,  complying  with  unusual 
conditions.  Since  its  design  possesses  some  peculiar  features  of 
engineering  interest,  the  following  description  is  submitted  to  the 
members  of  the  Society, 

The  marble  yard  mentioned  is  located  on  the  Schuylkill  River,  just 
south  of  Walnut  Street,  and  extends  from  24th  Street  to  the  wharf  line, 
a  distance  of  about  320  feet.  It  has  on  24th  Street  an  extensive  saw  mill, 
and  the  yard  space  between  the  mill  and  the  river  is  used  for  the  storage 
of  blocks  of  marble.  These  blocks  are  conveyed  from  the  river,  and  dis- 
tributed over  the  yard,  or  carried  into  the  mill  as  the  case  may  require, 
by  a  traveling  crane  which  moves  on  two  elevated  rails,  one  at  each 
side  of  the  yard. 
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When  the  Baltimore  and  Oliio  Railroad  extended  its  lines  into  the  City 
of  Philadelphia,  it  crossed  Messrs.  Baird  &  Sons'  property,  and  threat- 
ened to  seriously  injure  their  business  by  separating  the  mill  from  the 
yard.  The  elevation  of  the  grade  of  the  railroad  was  such  as  to  permit 
of  only  2  feet  5^  inches  for  the  depth  of  any  overhead  structure,  while 
the  width  of  the  right  of  way  to  be  spanned  was  over  60  feet.  At  that 
time,  shallow  box  girders  were  constructed,  carrying  the  stringer  and 
the  elevated  rail  over  the  right  of  way,  and  by  this  means  the  traveler 
was  permitted  to  pass  from  the  yard  into  the  mill. 

After  the  railroad  had  been  in  active  operation  for  about  two  years, 
however,  its  yard  room  adjacent  to  Chestnut  Street  Station  proved 
insuflScient  for  its  increasing  business,  and,  in  order  to  reach  additional 
tracks  south  of  "Walnut  Street,  it  was  proposed  to  increase  the  width  of 
the  right  of  way  across  the  yard  to  100  feet,  and  to  support  the  elevated 
tracks  over  the  railroad,  as  before,  on  iron  girders.  The  maximum  allow- 
able de^ith  of  2  feet  5^  inches,  with  a  clear  span  of  100  feet,  made  the 
problem  a  serious  one.  The  shape  of  the  traveler,  extending  12  inches 
beyond  the  rail,  rendered  the  use  of  a  deep  girder,  outside  of  the 
stringer,  objectionable  on  account  of  the  lateral  moment  jDroduced.  The 
construction  of  the  mill  was  such  as  to  prevent  the  further  elevation  of 
the  track;  and  the  required  clearance  beneath,  with  a  proiaer  limit  of 
deflection,  made  the  use  of  a  deck  girder,  as  before,  impracticable.  ] 

The  work  was  placed  in  the  hands  of  Messrs.  Wilson  Bros.  &  Co., 
of  Philadelphia,  for  whom  the  writer  was  Principal  Assistant  Engineer, 
and  the  plan  adopted,  as  promising  the  most  satisfactory  results  with 
the  greatest  economy,  was  the  one  herein  described. 

The  general  design,  as  may  be  seen  by  the  accompanying  photograph, 
Plate  LXXXII,  was  such  as  to  place  the  supporting  girders  entirely 
outside  of  the  stringers,  and  at  the  same  time  to  provide  for  all  latera 
moments  produced  in  the  structure.  In  detail,  the  vertical  load  was  re 
solved  into  two  components — horizontal  and  oblique — and  these  com 
ponents  were  each  carried  by  a  separate  web  system.  The  oblique  systen 
was  of  sufficient  depth  to  give  vertical  stiffness  to  the  truss,  and  wa 
placed  at  such  an  inclination  as  to  avoid  the  end  of  the  traveler — th 
horizontal  system  was  so  constructed  that  its  outer  chord  would  com 
directly  under  that  of  the  oblique  system.  These  componential  web  sy£ 
terns  were  united  at  their  apex  by  a  common  chord;  and  their  remain 
ing  chords,  on  the  outside  of  the  truss,  were,  in  turn,  united  by  a  verticf 
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system.     Tlius  was  constructed  a  trass  with  three  chords  and  three  web 
systems. 

The  componential  systems  carry  tlie  live  and  dead  loads  applied  at 
their  apex,  while  the  vertical  system  carries  the  dead  load  applied  at  its 
chords.  The  top  and  bottom  chords  of  the  vertical  system  act  as  the 
chords  projier  of  the  truss,  while  the  chord  at  the  apex  under  the  ap- 
plied loads  serves  to  transfer  the  strains  from  one  componential  system 
to  the  other,  and  at  the  same  time  acts  as  a  stringer  to  carry  the  live 
load  between  panel  points. 

The  action  of  the  forces  in  the  truss  is  an  interesting  feature.  Owing 
to  the  peculiar  form  of  construction,  there  are  at  each  end  of  the  truss 
two  distinct  vertical  reactions — one  at  each  supporting  column.  The 
reaction  of  the  outside  column,  under  the  vertical  system,  is  due  entirely 
to  the  strains  in  that  system;  and  since  its  purpose  is  merely  to  retain 
the  two  chords  in  position,  the  reaction  is  equal  to  one-half  of  the  weight 
of  these  chords,  and  is,  therefore,  a  constant  quantity.  Having  obtained 
the  reaction  of  the  outside  column,  that  of  the  inside  column,  under  the 
stringer,  is  found  by  subtraction — or,  since  the  former  is  due  to  the 
■dead  load  of  the  two  outside  chords,  the  latter  is  due  to  the  dead  load  of 
the  stringer  chord,  and  to  the  live  load.  In  each  case  the  weight  of  the 
web  systems  is  assumed  as  being  carried  equally  by  the  two  adjacent 
chords. 

In  tracing  the  effects  of  these  reactions  through  the  truss,  reference 
may  be  made  to  the  outline  diagram  shown  on  Plate  LXXXIV. 

The  reaction  of  column  "  o,"  under  the  vertical  system,  is  produced 
directly  by  that  system,  and  may  be  readily  traced  through  it,  in  the 
usual  manner.  The  reaction  of  column  "b"is  equally  definite  in  its 
action,  though  not  quite  so  qiiickly  traced — the  force  is  first  resolved 
into  the  two  components  of  the  adjacent  web  systems,  and  these  compo- 
nents are  then  treated  as  original  reactions.  The  oblique  component  is 
resisted  directly  by  the  end  post  of  the  oblique  system  "  ci  bi,"  while 
the  horizontal  component  is  again  resolved,  and  resisted  by  the  end 
diagonal  of  the  horizontal  system  "  bi  ai^  "  and  by  the  end  panel  of  the 
stringer  chord  "  bi  ii|." 

Thus  the  strains  are  traced  through  the  entire  system,  with  the  fol- 
lowing results: 
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WEB  STKAINS. 

Verticaij  System. 

Dead  Load.  Dead  Load- 

Pounds.  Pounds. 

d  ai  =  +  8  400  ci  02  =  —  11  700 

C2  a2  =  +7  200  C2  03  =  —   9  100 

C3  as  =  4-  5  400  C3  04  =  —   6  500 

a  ai  =  -1-3  700  a  as  —  —   3  900 

C5  as  =  -f  1  900  C5  ae  =  —    1  300 

C6  ae  =  4- 1  050 

Oblique  System. 

Dead  Load.  Live  Load.  Total. 

Pounds.  Pounds.  Pounds. 

+  8  800  +  29  100  =  +37  900 

+  6  800  +  25  700  =  +  32  50a 

+  4  900  +  22  400  =  +  27  BOQ 

+  2  900  +  19  000  =  +  21  900 

+  1  000  +  15  700  =  +  16  700 

+ +  12  300  =  +12  300 

Dead  Load.  Live  Load.  Total 

Pounds.  Pounds.  Pounds. 

— 12  300  —  40  700  =  —  53  000 

—  9  600  —  36  000  =  —  45  600 
_  6  800  —  31  300  =  —  38 100 

—  4  100  —  26  600  =.  —  30  700 

—  1  400  —  21  900  =  —  23  300 

—  15  800  =  —15  800 

—   8  400  =  —  8  400 

—  1000  =  —  1000 

HoEizoNTAii  System. 

Dead  Load.  Live  Load.  Total. 

Pounds.  Pounds.  Pound.^ 

bii  aii  =  b2a2  =  +  3  900  +  13  000  =  + 16  900 

fcaj  a2|  =  &3  as  =  +  3  100  +  11  500  =  + 14  600 

53i  asj  =  bica  ^  +2  200  +  10  000  ==  + 12  200 

bi^  aii  =  is  «5  =r.  + 1  300  +  8  500  =  +    9  800 

&5J  asi  =  £6  ae  =^  +     400  +  7  000  =  +    7  400 

Dead  Load.  Live  Load.  Total. 

Pounds.  Pounds.  Pounds, 

bi  aij  =  iij  02  =  —  5  900  —  19  400  =  —  25  300 

52  a2i  =  i2i  as  =  —  4  600  —  17  100  =  —  21  700 

63  asj  =  Z-si  04  =  —  3  300  —  14  900  =  — 18  200 

bi  aii  =  b^  as  =  —  2  000  —  12  700  =  — 14  700 

65  osi  =  Jsj  ae  =  —     700  —  10  400  =  — 11  100 

be  oei  =  Jej  07  =            ...  —  7  500  =  —   7  500 

bi  oTi  =  S'^i  as  =             ...  —  4  000  =  —   4  000 

68  asj  =  &8i  09  =             ...  —  500  =  —      500 


Cl 

bl 

C2 

b2 

CS 

b3 

Ci 

bi 

CS 

bs 

C6 

b& 

Cl 

bi 

C2 

b3 

CS 

bi 

a 

bs 

C5 

be 

CO 

bl 

C7 

58 

C8 

b9 
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Stkinger  Chord. 


Dead  Load.          Live  Load. 
Pounds.               Pounds. 

TotaL 
Pounds. 

bi 

6li 

=     +4  330     +     14  300     = 

+ 18  630 

bii  b2 

=     +8  6G0     +    28  600    = 

+  37  260 

b2 

62J 

=    +3  370    +     12  650    = 

+  16  020 

b2i  ba 

=    +6  740     +     25  300    = 

+  ' 

32  040 

bz 

63  i 

=     +2  400     +     11000    = 

+  13  400 

isi  64 

=     +4  800     +     22  000     == 

+ 

26  800 

Jl 

Jlj 

=     + 1  450     +       9  350     = 

+ 10  800 

*4J  55 

=-     +2  900     +     18  700    = 

+  ' 

21600 

fes 

65J 

=     +     480    +       7  700     = 

+ 

8  180 

*5J  66 

=     +     960    +     15  400     = 

+ 16  360 

Chord  Strains. 

Dead  Load.           Dead  Load. 

(Vert.  System.)    (Obi.  System.) 

Pounds.               Pounds. 

Live  Load. 
Pounds. 

Total. 
Pounds. 

Cl  C2      : 

= 

+ 

8  700     +       8  700     + 

28  600 

= 

+    46  000 

C2  C3     = 

= 

+  15  400     4-     15  400     + 

50  600 

= 

+   81400 

c3  a    : 

= 

+  20  200     +     20  200     + 

66  000 

= 

+ 106  400 

a  C5    - 

= 

+  23  100     +     23  100     + 

74  800 

= 

+  121  000 

C5  C6      : 

= 

+  24  100     +     24  100     + 

77  000 

= 

+  125  200 

Dead  Load.         Dead  Load. 

(Vert.  System.)   (Hor.  System.) 

Pounds.              Pounds. 

Live  Load 
Pounds. 

Total. 
Pounds. 

«ii  a2 

= 

....     —   4  300    — 

14  300 

= 

—   18  600 

<i2   a2i 

.   = 

— 

.8  700    —   8  700    — 

28  600 

= 

—   46  000 

<J2i  as 

.-= 

— 

•   8  700    —12  000    — 

38  000 

= 

—    58  700 

■a3  asi 

= 

— 

.15  400    —15  400    — 

50  600 

= 

—   81400 

<l3i  OA 

= 

— 

15  400    —17  800    — 

55  000 

= 

—   88  200 

04  ai\ 

= 

— 

20  200    —20  200    — 

66  000 

= 

— 106  400 

ai^  as 

= 

— 

20  200    —  21  700    — 

70  000 

= 

—  Ill  900 

•as  ooi 

= 

— 

23  100     —  23  100    — 

74  800 

= 

— 121  000 

■a5j  ae 

= 

— 

23  100    —23  600    — 

76  000 

= 

— 122  700 

-f  indicates  compression. 

—         "         tension. 

Note — The  following  data  were  used  in  calculation  : 

Live  Load  =  30  000  pounds  on  two  wheels,  6  feet  apart. 
Dead  Load  =     400  pounds  per  lineal  foot. 
Panel  Load,  chord,  a,  =     750  pounds. 
"        "  "         6,  =  1750        " 

c,  =  l  050        " 

a  c  =  8'  0" 
ab  =  i-  0" 
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A  more  elementary  method  of  deducing  the  strains — although  not 
showing  so  clearly  the  action  of  the  different  members  upon  each  other 
— would  be,  to  first  resolve  the  applied  loads  into  the  two  components 
of  the  web  systems,  and  then  consider  each  system  as  a  distinct  truss. 
In  following  this  method,  the  tensile  strains,  in  the  stringer  chord,  from 
the  oblique  system,  and  the  compressive  strains  in  the  same  chord  from 
the  horizontal  system,  would  be  found  to  neutralize  each  other  with  the 
same  results  as  shown  above.  It  must  be  remembered,  however,  that 
the  horizontal  system  can  only  receive  its  load  at  the  panel  points  to 
which  the  oblique  system  is  attached. 

The  stringer  has,  throughout  the  description,  been  termed  a  "chord," 
but  in  reality  it  is  a  portion  of  the  web  system,  and  like  the  other  mem- 
bers of  that  system,  receives  the  heaviest  strains  in  the  panels  nearest 
the  supporting  columns.  This  will  be  readily  comprehended  when  it  is 
understood  that  the  direct  strain  in  any  panel  of  the  stringer  "  chord  " 
is  due  to  the  diagonals  of  the  same  panel,  and  is  equal  to  their  longi- 
tudinal component — thus  in  the  panel  "  Ja  hi  "  the  direct  strain  is  due 
to  the  longitudinal  component  of  the  diagonal  "  In  ci,"  which  produces 
a  thrust  from  "  ^2  "  toward  "  bi  " — this  thrust  is  then  resisted  by  the 
two  diagonals  of  the  horizontal  system  *'  a2  bu  "  and  "  ai^  hi."  Thus- 
we  see  that,  in  each  jDanel,  the  stringer  chord  receives  its  maximum 
strain  when  the  diagonals  of  the  corresj)onding  panel  receive  their 
maximum,  and  that,  in  reality,  "  c  b  a  "  is  the  componential  web,  while 
*•  c  "  and  "  a  "  are  the  chords  proper  of  the  truss. 

The  horizontal  and  vertical  systems  are  made  of  riveted  lattice,  since 
they  require  no  adjustment,  and  their  construction  of  riveted  work  was 
considered  economical.  The  horizontal  system  is  provided  with  counter- 
diagonals,  and  was  designed  to  resist  all  counter -strains  produced  in  it 
by  the  live  load;  the  vertical  system,  however,  which  carries  only  dead 
load,  does  not  provide  for  counter-strains,  and  each  i^anel  is  therefore 
constructed  with  but  a  single  diagonal. 

The  diagonals  of  the  oblique  system  are  square  rods  with  sleeve-nuts, 
■which  permit  the  proper  adjustment  for  camber  and  rigidity.  By  this 
arrangement  it  is  practicable  to  carry  the  live  load  strains  through  the 
componential  systems,  as  designed,  and  allow  the  vertical  system  to  carry 
only  dead  load.  The  proper  adjustment  of  the  rods  in  the  oblique 
system  will  relieve  any  counter-strain  in  the  vertical  system  which 
might  occur  on  account  of  undue  deflection  under  the  jDassing  load. 
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The  original  conception  of  the  truss  contemplated  a  single  diagonal, 
direct  from  "Ji  "  to  "«2,"  but  the  angle  of  inclination  between  the 
diagonal  and  the  chord  was  so  oblique,  that,  in  constrxiction,  the  panel 
w'as  divided  into  two,  making  the  inclination  of  each  diagonal  about 
forty-five  degrees. 

While  the  treatment  of  the  strains  in  the  three  web  systems  Avas 
essentially  theoretical,  a  close  examination  of  the  vertical  system  during 
a  passing  load  fails  to  reveal  any  tendency  in  the  diagonals  of  that 
system  to  resist  counter-strains. 

The  erection  of  the  trusses  was  not  a  diflScult  matter  and  involved 
no  unusual  features.  The  old  girders  w^ere  removed  from  their  bear- 
ings, lowered  slightly,  and  placed  on  piles  of  marble.  On  these  girders 
was  constructed  a  skeleton  platform,  and  on  this  platform  the  new 
trusses  were  assembled  and  riveted  together.  They  were  then  lifted  at 
the  ends  and  swung  into  position.  Messrs.  Cofrode  &  Saylor,  of  Phila- 
delphia, were  the  contractors  for  the  construction  and  erection. 

The  original  design  of  the  trusses  provided  for  a  span  of  103  feet; 
but  shortly  before  the  contract  was  awarded,  the  required  width  of 
right  of  way  was  reduced  by  the  railroad  comi^any  and  in  conse- 
quence, two  panels  of  the  trusses  were  taken  oiit,  and  they  were  con- 
structed 87  feet  7  inches  between  centers  of  columns.  The  depth  of  each 
truss,  from  out  to  out  of  chords  of  the  vertical  system,  is  8  feet.  The 
width  is  4  feet  between  centers  of  the  chords  of  the  horizontal  system. 
The  deiDth  from  base  of  rail  to  clearance  beneath  is  2  feet  4^  inches, 
including  a  6-inch  wooden  stringer.  The  weight  of  each  iron  box 
girder,  of  61  feet  span  and  2  feet  depth,  was  28  000  pounds,  or  460 
pounds  per  lineal  foot;  its  excessive  weight  being  due  to  the  material 
required  in  the  flanges  to  reduce  the  deflection.  The  weight  of  each 
iron  truss,  as  constructed,  of  87  feet  7  inches  span,  is  34  000  pounds,  or 
390  poiinds  per  lineal  foot, 

In  measuring  the  deflection  after  completion,  a  piece  of  twine  was 
stretched  tightly  from  column  to  column  under  the  stringer  chord. 
There  was  no  wind,  and  the  twine  was  so  tightly  stretched  that  it  would 
quickly  come  to  rest  after  being  disturbed.  From  this  position  of  rest 
the  i^osition  of  the  stringer  chord  could  be  readily  measured.  The 
largest  stone  at  convenient  disposal,  weighing  10  tons  (net),  was  lifted 
and  carried  at  midspan,  half  way  between  the  two  trusses.  The  weight 
of  the  traveler  was  also  10  tons,  making  a  total  load  of  20  tons.     The 
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vertical  deflection  under  this  load  measured  one-half  an  inch ;  the  hori- 
zontal deflection  outward  measured  one-quarter  of  an  inch. 

The  design  of  the  trusses  being  novel,  their  unusual  appearance 
elicited  considerable  criticism,  and  during  erection  prophecies  of  failure 
were  freely  made.  It  seemed  much  easier  to  explain  why  they  must 
fail  than  to  understand  how  they  could  succeed.  The  light  vertical  sys- 
tem and  the  upper  chords  were  the  particular  objects  of  criticism,  while 
the  stringer  itself  apparently  "had  no  support."  Subsequent  develop- 
ments, however,  quieted  these  apprehensions.  The  trusses  were  de- 
signed to  carry  a  load  of  15  tons  on  two  wheels  6  feet  apart,  and  the  first 
load  to  which  they  were  subjected  was  one  of  the  old  girders  weighing 
14  tons.  This  was  carried  close  to  one  of  the  trusses,  and  with  the 
weight  of  the  traveler  was  probably  fully  equal  to  that  for  which  the 
trusses  were  designed.  The  result  of  this  test  relieved  all  further  anxiety 
as  to  their  efficiency,  and  the  structure  has  since  continued,  under 
constant  use,  to  give  entire  satisfaction. 
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IDISOTJSSIO^Sr 

ON 

RAILWAYS    OF    MEXICO.* 


By  Max  E.  Schmidt,  M.  Am.  Soc.  C.  E.,  and 
W.  BakcijAI  Paesons,  M.  Am.  Soc.  C.  E. 


Max  E.  Schjiidt,  M.  Am.  Soc.  C.  E. — Eeferriug  to  the  j^aper  by  Mr. 
William  B.  Parsons,  on  the  Kailways  of  Mexico,  the  statement  appears 
that  1  per  cent,  grades  are  in  operation  on  the  Mexican  Central  Branch 
from  Tampico  to  Aguas  Calientes.  This  is  an  error.  The  ruling  grades 
on  this  branch  are  one  and  one-half  (1.5)  per  cent.,  except  on  the  two 
mountain  divisions  of  27  and  5  mile  lengths  resjjectively,  where  the 
maximum  grades  are  3  per  cent.  All  grades  are  compensated  for  cur- 
vature in  conformity  Avith  the  table  below.  One  and  one-half  and  3  per 
cent,  exjjress,  therefore,  the  full  maximum  in  operation  on  this  rail- 
way. 

The  statement  is  also  made  that  4  per  cent,  is  the  maximum  grade 
on  the  Mexican  or  Vera  Cruz  Railway.  This  is  correct  only  as  far  as  the 
tangents  are  concerned.  On  curves  the  absence  of  all  compensation 
virtually  increases  the  maximum  to  5  per  cent.,  if  not  more. 

In  view  of  the  competition  which  is  likely  to  take  place  between  the 
Interoceauic,  the  Tampico  and  the  Yera  Cruz  Railways,  the  latter  rail- 
way has  lately  placed  on  its  4  per  cent,  non-compensated  grades,  Fairlie 
engines  weighing  over  90  tons.  This,  in  the  writer's  oi^inion,  is  hardly 
a  move  in  the  right  direction.  As  it  was  impracticable  to  cut  down  the 
grades  of  this  railway,  the  plan  presented  itself  of  placing  a  center  rack- 

*  Railways  of  Mexico,  by  William  Barclay  Parsons,  Transactions,  Vol.  XXII,  No.  435, 
page  233, 
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rail  on  the  heavy  grades  of  the  mountain  divisions  and  operating  the 
same  with  Abt  engines,  which  at  63  tons  service-weight  develop  a  trac- 
tive power  of  27  500  pounds.  The  data  are  not  at  hand  to  tell  how  much 
the  new  Fairlie  engines  will  haul  on  the  heavy  grades  of  the  Vera  Cruz 
Railway,  but  their  ponderous  weight  is  against  them  under  the  best  of 
circumstances.  An  Abt  qngine,  on  a  track  supplemented  by  a  third  rail 
as  stated  above,  would  haul  280  tons,  gross  train -loads,  on  4  j^er  cent, 
non-compensated  grades,  and  at  speeds  of  10  miles  per  hour. 

Mexican  Centeal   Railway  Company  (Lt.). — Tampico  Division. — 
Table  of  Gkades  and  Curves  in  Combination. 


Eate  pee  cent,  of  Geade. 

Degeee  of 

CUEVE,   25 

Choeds. 

Meter 

Maximum,  1}  per  cent. 

Maximum,  3  per  cent. 

Tan 

gent. 

Per  cent. 

Per  cent. 

Degrees. 

Mim;tes. 

1.50 

3.00 

1 

1.45 

2.95 

1 

30 

1.42 

2.92 

2 

1.40 

2.90 

2 

30 

1.37 

2.87 

3 

1.35 

2.85 

3 

3 

1.32 

2.82 

4 

1.30 

2.80 

4 

30 

1.27 

2.77 

5 

1-25 

2.75 

5 

30 

1.22 

2.72 

6 

1.20 

2.70 

6 

30 

1.17 

2.67 

7 

1.15 

2.65 

7 

30 

1.12 

2.62 

8 

1.10 

2.60 

8 

30 

1.07 

2.57 

9 

1.05 

2.55 

9 

30 

1.02 

2.52 

10    . 

1.00 

2.50 

10 

30 

.97 

2.47 

11 

.95 

2.44 

11 

30 

.92 

2.41 

12 

.90 

2.38 

12 

30 

.87 

2.34 

13 

.85 

2. 31 

13 

30 

.82 

2.27 

14 

.80 

2.24 

14 

30 

.78 

2.20 

15 

.75 

2.17 

15 

30 

•  •  .  • 

2.13 

16 

*  *  *  * 

2.09 

16 

30 

2.05 

17 

2.01 

17 

30 

1.97 

18 

1.93 
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W.  BAECiiAY  Paesons,  M.  Am.  Soc.  C.  E.— In  regard  to  Mr.  Schmidt's 
discussion  of  my  notes  on  Mexican  Railways,  I  accept  with  jjleasure  his 
correction  that  the  maximum  gradient  on  the  Tampico  branch  of  the 
Mexican  Central  is  3  and  not  i  per  cent.  I  was  informed,  on  Avhat  ap- 
j)eared  reliable  authority,  that  it  was  the  latter.  The  point,  however, 
that  I  wished  to  emphasize  was  that  the  gradient  was  heavy,  and  this 
Mr.  Schmidt  confirms  when  he  states  that  there  is  one  stretch  of  27  miles 
of  3  per  cent,  gradient. 

As  to  whether  the  curves  on  the  Mexican  Eailway  are  comi)ensated, 
I  cannot  say;  but  even  if  not,  the  allowance  woiild  hardly  amount  to  1 
per  cent,  or  more.  The  sharpest  curve  is  one  of  300  feet  radius, 
I  believe,  corresponding  to  about  the  15  degrees  30-minute  curve  of  Mr. 
Schmidt's  table.  The  comi^ensation  for  this  curve,  according  to  his 
table,  is  .87  of  1  per  cent. 

The  rate  of  compensation  in  the  table  is  substantially  0.04  per  cent. 
per  degree  of  100-foot  chords.  It  will  be  noticed,  however,  that  while 
this  rate  is  uniform  for  the  IJ  per  cent,  gradient,  it  is  used  on  the  3  per 
cent,  uj)  to  10-degree  curves  only,  after  that  the  rate  is  increased. 

As  to  whether  it  would  be  economical  to  have  introduced  the  Abt 
engine  on  4  j)er  cent,  gradients,  is  not  by  any  means  clear.  In  that  dry 
climate  the  rail  is  nearly  always  in  good  condition,  so  that  the  ratio  of 
adhesion  is  high,  and  an  engine  like  the  Fairlie  will  give  good  results. 
The  writer,  at  present  as  Chief  Engineei-,  is  constructing  in  the  Alle-. 
gheny  Mountains  of  Northern  Pennsylvania  a  system  of  lumber  railways, 
using  gradients  frequently  of  3.5  per  cent,  and  at  times  up  to  and  over 
4  per  cent.  The  power  used  is  a  Shay  engine,  a  machine  with  three  ver- 
tical cylinders  driving  a  horizontal  shaft,  which  is  geared  to  all  the 
wheels,  tender  included.  This  shaft  is  jointed  so  that  the  longest  rigid 
wheel-base  is  56  inches.  Such  an  engine  uses  the  whole  weight  for 
adhesion,  and  at  a  ratio  of  i  with  a  weight  of  60  tons,  would  develop 
30  000  pounds,  tractive  power. 
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THE    YENTILATIOI^    OF    TUIsr:^ELS. 


By  N.  W.  Eayks,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


The  dictum  of  the  celebrated  Dr.  Lardner,  that  steamships  could 
never  cross  the  ocean,  for  the  simple  reason  that  they  could  not  be 
made  to  carry  fuel  enough  for  the  voyage,  is  well  matched  by  the  argu- 
ment brought  forward  in  the  days  of  the  Stephensons,  by  those  who 
disbelieved  in  the  practicability  of  railroads,  that  railways  could  not 
•come  into  general  use  without  the  necessity  of  tunnels,  and  it  was  mani- 
festly impossible  to  use  locomotives  in  a  tunnel  of  any  considerable 
length,  on  account  of  the  vitiated  atmosphere  which  they  would  produce. 
Both  statements  are  instances  of  the  dimness  of  pre- vision  to'  which  the 
most  sagacious  men  are  liable. 

But  those  who  saw  in  tunnels  an  insurmountable  obstacle  to  the 
introduction  of  railways  had  more  of  reason  on  their  side,  for  the 
increasing  demands  of  commerce  and  travel,  which  have  made  possible, 
and  even  compelled,  the  vast  improvements  in  ships  and  marine  engines 


EATRS   ON  VENTILATION"   OF  TUNNELS.  289 

since  Lardner's  time,  have  so  augmented  the  difficulties  in  the  way  of 
adequate  ventilation  in  railway  tunnels  that  the  feasibility  of  using 
smokeless  engines  or  some  other  motor  than  steam  has  for  some  time 
commanded  the  attention  of  railway  oflScials.  The  question  of  ventila- 
tion presses  tiijon  us  to-day  with  increasing  force,  for  it  is  intimately 
connected  with  the  question  of  underground  railways,  which  seem,  at 
present,  to  furnish  the  only  solution  to  the  problem  of  rapid  transit  in 
those  cities  where  not  only  the  earth  beneath,  but  the  heavens  above  the 
earth  are  already  occupied  with  overtaxed  systems  of  transportation. 

Another  dictum  which  must  be  somewhat  modified  is  that  of  the 
text-books,  which  assert  that  in  the  case  of  short  tunnels  the  question 
of  ventilation  need  not  be  considered;  thus  disregarding  the  effect  of  the 
volume  of  traffic  as  a  factor  in  the  problem.  The  fact  is  that  the  longer 
tunnels,  like  the  Hoosac,  the  St.  Gothard,  the  Mont  Cenis,  and  others, 
seem  to  be  able  to  take  care  of  themselves  in  this  respect,  owing  partly 
to  certain  jihysical  conditions,  but  chiefly  to  their  location  remote  from 
large  cities,  so  that  the  volume  of  traffic  through  them  does  not  at 
present,  and  may  not  for  years,  equal  the  capacity  of  the  tunnel.  It  is 
the  short  tunnels  Avith  heavy  traffic  and  trains  at  short  intervals  that  are 
most  troublesome. 

Methods  of  Ventilation. 

Without  taking  into  consideration  the  expedient  seriously  suggested 
in  reference  to  the  St.  Gothard  Tunnel,  of  supplying  the  passengers 
with  bags  of  oxygen,  thus  making  every  man  his  own  ventilator,  there 
are,  obviously,  two  methods  by  which  the  smoke  and  gases  of  combustion 
may  be  removed — viz. ,  by  natural  means  and  by  mechanical  appliances. 
The  first  of  these  methods  is  applicable  to  all  tunnels,  whether  long  or 
short,  i^rovided  the  volume  of  traffic  does  not  exceed  a  certain  limit, 
which  limit  is  determined  by  the  ratio  of  the  necessary  intervals  between 
trains  to  the  velocity  of  the  natural  current  through  the  tunnel.  The 
existence  of  this  current  is  dej^endent  upon  two  causes — one,  the  differ- 
ence in  tempeiature  of  the  air  inside  the  tunnel  and  outside;  the  other, 
the  difference  in  barometric  pressure  between  the  two  j)ortals.  These 
two  causes  are  not  operative  to  any  appreciable  extent  in  small  tunnels, 
and  ventilation  is  effected  in  them  either  through  the  action  of  the 
■vrinds  upon  the  portals  or  the  mechanical  effect  of  trains  passing  through 
the  tunnels,  or  both  combined.  When  a  train  enters  a  tunnel  it  acts  as 
a  piston,  pushing  the  air  in  front  of  it  and  imparting  a  certain  velocity 
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to  the  air  in  tlie  rear.  From  observations  made  at  the  St.  Gotliard  this 
velocity  has  been  determined  to  be  about  one-third  that  of  the  train 
itself.  Tliis  estimate  of  velocity  agrees  very  well  with  the  writer's 
■experience  in  the  Hoosac  Tunnel,  where,  under  natural  ventilation  and 
with  favorable  conditions  of  the  atmosphere,  it  takes  about  fifteen 
minutes  for  the  jDortion  of  the  tunnel  between  either  portal  and  the 
■central  shaft  to  clear  itself  of  smoke;  the  running  time  of  passenger 
trains  being  ten  minutes  between  portals,  or  five  minutes  between  either 
portal  and  central  shaft. 

To  secure  effective  ventilation  it  is  only  necessary  that  the  draught 
through  the  tunnel,  whether  natural  or  artificial,  should  be  sufficient  to 
•carry  away  the  smoke  and  gases  in  a  less  time  than  the  interval  between 
the  trains  ;  where  this  is  effected  the  only  smoke  a  train  has  to  contend 
with  is  that  of  its  own  locomotive. 

At  the  present  rate  of  traflic  through  the  St.  Gothard  Tunnel  a 
natural  current  of  1  meter  per  second  clears  the  tunnel  once  a  day  ; 
the  average  current  is  2.61  meters  per  second.  At  Mont  Cenis  a  current 
•of  2  meters  per  second  is  found  sufficient  for  the  full  traffic. 

Artificial  ventilation  is  effected  by  means  of  fans  or  blowers  driven 
by  suitable  machinery,  the  capacity  of  the  fan  being  based  upon  the 
•estimated  amount  of  air  to  be  removed  in  the  least  interval  between 
trains.  In  making  this  estimate  it  is  necessary  to  take  into  consideration 
the  section  of  the  tunnel,  the  character  of  the  walls  and  the  gradients. 

As  far  as  the  writer  is  aware,  the  only  tunnels  in  this  country  which 
■demand  especial  attention  on  the  score  of  ventilation  are  the  Hoosac 
Tunnel  and  the  St.  Louis  Tunnel:  with  both  he  has  been  connected  as 
Engineer.  They  furnish  excellent  illustrations  of  the  two  methods  of 
ventilation  ;  the  Hoosac  Tunnel  being  ventilated  entirely  through  the 
•central  shaft,  and  the  tunnel  at  St.  Louis  being  ventilated  by  means  of 
a  fan  locat^ed  near  the  center  of  the  tunnel.  The  conditions  in  the  latter 
tunnel,  except,  perhaps,  as  to  grades,  approach  very  closely  to  those  that 
•occur  in  underground  railways. 

The  Hoosac  Tunneii. 

This  tunnel  is  about  4j  miles  long,  and  is  perfectly  straight  from 
portal  to  portal.  The  two  portals  are  at  the  same  elevation  of  769  feet 
above  the  sea  level.  The  grade  of  the  tunnel  rises  at  the  rate  of  26. 4 
feet  to  the  mile  from  either  portal  to  the  central  shaft.     The  shaft  is 
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located  almost  exactly  at  the  middle  of  the  length  of  the  tunnel,  and  is 
1  028  feet  deep,  measured  from  the  top  of  the  ground  to  the  rail  grade. 
The  section  of  the  shaft  is  an  ellipse,  the  two  diameters  of  which  are  27 
feet  and  15  feet,  respectively,  the  larger  diameter  being  wuth  the  axis  of 
the  tunnel. 

The  total  amount  of  brick  arching  is  aliout  one-seventh  of  the  entire 
length  of  tunnel.  The  remainder  of  the  tunnel  is  in  rock.  The  section 
of  the  tunnel  within  the  arching  or  lining  is  24  feet  wide  and  22  feet  high 
from  top  of  rail  to  intrados  of  arch.  The  rock  section  is  indeterminate, 
for  so  much  loose  rock  has  been  taken  down  since  the  tunnel  was  opened 
for  traffic  that  the  original  section  has  been  enlarged  several  feet  in  some 
places. 

The  portals  are  provided  with  doors  which  are  closed  in  winter  to 
prevent  the  formation  of  ice  on  the  sides  and  roof  of  the  tunnel.  The 
freezing  formerly  extended  in  about  a  quarter  of  a  mile  from  either  portal. 
Previous  to  the  erection  of  doors  men  were  emj^loyed  constantly  in 
breaking  down  the  ice  and  clearing  the  tracks.  Since  1883  small 
furnaces  have  been  added,  located  near  the  portals,  to  maintain  the 
temperature  above  the  freezing  point.  The  smoke  from  these  furnaces 
discharges  into  the  tunnel,  but  as  they  consume  but  about  three-quarters 
of  a  ton  of  coke  in  twenty-four  hours  they  do  not  affect  the  atmosphere 
to  any  serious  degree,  and  have  no  effect  on  the  ventilation. 

As  far  as  the  writer  is  aware,  no  observations  have  been  made  on  the 
velocity  of  the  air  in  the  tunnel,  but  it  is  sufficient  to  clear  the  tunnel 
between  the  portals  and  the  shaft  in  about  fifteen  minutes  under 
ordinary  circumstances.  On  warm,  foggy  days  in  autumn  and  winter 
the  atmosphere  in  the  tunnel  is  very  sluggish,  and  considerable  trouble 
is  experienced  from  smoke  and  gas,  but  even  at  such  times  one-half  of 
the  tunnel  is  generally  clear.  The  temperature  of  the  tunnel  near  the 
shaft  remains  pretty  constant  at  about  60  degrees  Fahr.  all  the  year 
round. 

The  direction  of  the  draught  varies  wdth  the  season,  coming  in  at  the 
portals  during  the  winter  season  and  jjassing  out  at  the  central  shaft, 
while  in  summer  the  current  is  reversed.  In  w^inter  the  draught  iuAvards 
is  so  strong  that  a  windlass  and  double  block  and  fall  are  necessary  to 
keep  the  doors  from  being  violently  shut  and  sucked  into  the  tunnel. 
The  writer  has  seen  one  set  of  heavy  doors  torn  from  their  hinges  and 
carried  bodily  into  the  tunnel  through  the  inexperience  of  a  door-tender. 
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The  piston-like  efifect  of  moving  trains  has  often  been  remarked  in 
short,  single-track  tunnels.  It  is  also  quite  noticeable  in  the  Hoosac 
Tunnel.  The  writer,  when  standing  at  the  central  shaft,  has  frequently- 
been  warned  of  the  entrance  of  a  train  at  the  portal  by  seeing  the  flame 
of  his  torch  change  instantly  from  a  vertical  position  to  an  inclined  one, 
pointing  towards  the  opposite  jjortal. 

When  the  Hoosac  Tunnel  was  opened  for  traffic  a  single  track  only 
was  laid,  and  in  order  to  protect  trains  from  the  danger  of  stones 
becoming  dislodged  from  the  sides  of  the  shaft  and  falling  to  the  track, 
timber  shields  or  fenders,  as  shown  on  the  accompanying  drawing,  Plate 
LXXXVIII,  were  erected.  These  were  arranged  in  such  a  way  as  to 
secure  the  requisite  protection  without  seriously  interfering  with  the 
ventilation.  When  the  second  track  was  laid,  in  1882,  it  became 
necessary  to  protect  that  too,  and  the  plan  of  spiral  ventilating  galleries 
shown  on  Plate  LXXXVIII  was  adopted. 

At  a  ijoint  42  feet  from  the  center  of  the  central  shaft,  measured  in 
the  line  of  the  tunnel,  a  chamber  was  excavated  in  the  tunnel- wall,  at 
right  angles  therewith  and  extending  in  about  6  feet.  This  chamber  was 
carried  up  the  full  height  of  the  tunnel, ^nd  the  floor  was  jjlaced  at  the 
rail  grade.  From  the  back  of  this  chamber  a  spiral  gallery,  of  circular 
section  15  feet  in  diameter,  was  excavated  until  it  entered  the  central 
shaft  at  an  elevation  of  70  feet  above  the  floor  of  the  tunnel.  A  similar 
gallery  was  excavated  in  the  other  tunnel-wall,  on  the  opposite  side  of 
the  shaft.  The  two  tracks  were  then  covered  with  a  brick  arch  3  feet 
4  inches  thick,  completely  closing  the  bottom  of  the  shaft.  Over  this 
arch  a  mass  of  rubble  masonry  was  laid,  20  feet  thick,  the  courses 
formed  into  a  rough  arch  abutting  against  the  sides  of  the  shaft.  This 
gave  ample  protection  to  the  tracks,  and  the  combined  area  of  the  two 
galleries  being  larger  than  that  of  the  shaft,  maintained  the  ventilation 
of  the  tunnel  as  it  was  before. 

It  is  now  eight  years  since  these  galleries  were  constritcted,  and, 
although  the  traffic  throtigh  the  Hoosac  Tunnel  has  largely  increased 
during  that  interval,  there  has  been  noticed  no  injurious  effect  on  the 
ventilation.  When  the  plan  was  under  consideration  in  1882  it  was  a 
serious  question  whether  the  abrupt  turn  at  right  angles  and  the  spiral 
tubes  would  not  prove  such  an  obstacle  to  the  air-current  as  to  affect  the 
ventilation. 

But,  however  satisfactory  the  ventilation  of  the  Hoosac  Tunnel  by 
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natural  draught  has  been  hitherto,  the  time  is  fast  approaching  when  it 
will  cease  to  be  sufiicient  and  recourse  must  be  had  to  artificial  ventila- 
tion or  some  other  motor  than  the  ordinary  locomotive.  The  writer  was 
recently  informed  by  the  Chief  Engineer  of  the  Fitchburg  Railroad,  Mr. 
E.  K.  Turner,  that  the  greatest  number  of  trains  in  one  day  passing 
through  the  tunnel  is  sixty-five,  "which  is  very  near  the  limit  which 
can  be  safely  run  uuder  present  conditions."  He  is  strongly  of  the 
opinion  that,  "with  the  increasing  number  of  trains  passing  through 
the  tunnel,  it  will  soon  become  necessary  to  make  some  changes  either  in 
ventilating  or  keeping  smoke  and  gas  out." 

During  the  year  1889,  the  total  number  of  freight  cars  passing 
through  the  tunnel  was  254 112 ;  of  passenger  cars,  18  600.  Average 
number  of  freight  cars  to  a  train,  thirty.  These  figures  do  not  represent 
the  total  movement  of  trains  and  engines  in  the  tunnel,  for  they  do  not 
include  work  trains,  light  engines,  or  the  pushers  that  run  from  North 
Adams  to  central  shaft  and  back. 

The  St.  Louis  Tunnel. 

Turning  now  to  an  illustration  of  the  other  method  of  ventilation, 
that  by  mechanical  means,  a  brief  description  of  the  St.  Louis  Tunnel 
will  be  in  order.  This  tunnel  forms  the  connection  between  the  St. 
Louis  Bridge  and  the  Union  Depot  at  12th  and  Pojalar  Streets  in  the 
city  of  St.  Louis.  The  tunnel  jDroper  commences  at  3d  Street,  passes 
under  Washington  Avenue  as  far  as  7th  Street,  where  it  curves  to  the 
south,  under  the  block  and  St.  Charles  Street,  to  8th  Street,  and  then 
runs  in  a  straight  line  under  8th  Street  to  an  open  cut  at  Clark  Avenue. 
The  tunnel  is  4  095  feet  in  length  between  portals,  and  is  really  a  double 
tunnel,  a  central  wall  separating  the  two  tracks  throughout,  except  at 
the  fan  and  at  the  Custom  House,  between  Locust  and  Olive  Streets. 
This  central  wall  has  openings  in  it  at  intervals  of  25  feet,  for  jilaces  of 
refuge  for  trackmen  and  for  passing  from  one  tra:k  to  the  other.  As 
will  be  seen  on  the  accompanying  i^lan  and  profile,  Plate  LXXXIX, 
the  line  of  the  tunnel  has  several  curves,  the  total  amount  of  curvature 
being  95)^  degrees  ;  the  largest  jiortion  of  this  curvature  is  in  a  length 
of  740  feet  of  llj  degree  curve.  The  heaviest  grade,  70  feet  per  mile,  is 
at  the  eastern  end. 

When  the  tunnel  was  completed,  openings  through  the  roof  were  left 
in  Washington  Avenue,  St.  Charles  Street  and  8th  Street,  communicat- 
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ing  directly  with  the  open  air.  It  was  expected  that  these  openings  would 
keep  the  tunnel  free,  without  any  other  means  of  ventilation,  but  it  was 
found  that  the  increasing  number  of  trains  kept  the  tunnel  filled  with 
smoke  and  gas,  and  loiid  complaints  were  made  because  of  the  volume  of 
smoke  which  poured  out  into  the  streets  through  the  oi^enings.  Coke 
was  used  as  fuel  in  the  locomotives  for  more  than  a  year,  biit  while  the 
quantity  of  smoke  emitted  was  decreased,  the  volume  of  gas  was  not 
•diminished.  The  hope  of  adequate  ventilation  by  natural  draught  was 
abandoned,  and  the  late  C.  Shaler  Smith,  M.  Am.  Soc.  C.  E.,  then  Con- 
sulting Engineer  of  the  St.  Louis  Bridge  Company,  was  called  upon  to 
13ropose  a  remedy.  For  several  months  Mr.  Smith  experimented  with 
models  of  various  kinds  of  fans,  air  screws  and  blowers,  and  many 
■observations  were  made  on  the  flow  of  air-currents  in  the  tunnel  and  the 
friction  of  the  air  against  the  sides  and  roof.  Unfortunately,  his  notes 
and  memoranda  are  not  now  in  existence.  The  models  were  all  con- 
structed to  the  same  scale,  and  that  form  of  machine  was  adopted  which 
gave  the  best  experimental  results.  The  service  fan  was  then  constructed 
on  the  lines  of  the  model  which  had  been  selected. 

Plate  LXXXIX  shows  the  arrangement  of  the  fan-house  and  sections 
of  the  fan.  The  fan-house  is  located  on  St.  Charles  Street,  near  the 
middle  of  the  length  of  the  tunnel. 

The  fan  consists  of  a  pair  of  steel  cones  placed  butt  to  butt  and 
riveted  together.  These  cones  carry  the  blades,  sixteen  in  number,  3 
feet  wide.  The  fan  itself  is  15  feet  in  diameter  and  9  feet  wide.  The 
following  proportions  were  used  in  constructing  the  fan.  Considering 
the  area  of  inlet  as  unity,  the  area  of  issues  was  made  0.42,  and  the  area 
of  discharge  at  the  top  of  the  stack  was  0.61. 

The  stack  is  made  of  boiler  iron,  37  feet  diameter  at  the  base  and  15 
feet  diameter  at  the  top.     The  height  is  130  feet. 

The  fan  is  run  by  a  Herreshoflf  compound  double-cylinder  non-con- 
densing engine,  of  a  maximum  cajjacity  of  190  horse-power.  The  speed 
varies  from  70  revolutions  j^er  minute  dui'ing  the  middle  of  the  day, 
when  passenger  traffic  is  light,  to  110  revolutions  per  minute  during 
those  portions  of  the  day  when  the  tunnel  is  practically  given  up  to 
passenger  trains.  This  is  from  about  6.40  to  9  a.m.  and  from  4.30  to  8.30 
P.M.  At  110  revolutions  the  periphery  speed  is  5  180  feet  jser  minute; 
at  this  speed  the  tunnel  is  cleared  of  smoke  in  four  and  one-half 
minutes  from  the  time   the    locomotive   passes  the  fan,   going    east. 
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and  in  three  and  one-lialf  minutes  from  the  time  a  west-bound  train 
l^asses  the  fan. 

It  has  been  estimated  that  the  total  amount  of  air  to  be  removed  in 
order  to  clear  the  tunnel  of  smoke  from  any  one  train  is  2  750  000  cubic 
feet.  To  get  the  best  results  from  the  artificial  ventilation  it  was  found 
necessary  to  close  all  other  ventilating  openings. 

The  writer  recently  made  some  observations  with  a  Biram  anemom- 
eter on  the  amount  of  air  issuing  from  the  moiith  of  the  fan.  The 
anemometer  had  been  tested  at  the  Washington  University  in  St.  Louis, 
some  years  ago,  and  as  it  had  not  been  used  since,  it  was  assumed  to  be 
correct.  The  method  of  making  the  observations  was  as  follows  :  The 
area  of  issue — 9  feet  square — was  divided  into  nine  equal  parts,  and 
several  readings  of  the  anemometer  were  taken  in  each  small  division, 
with  the  fan  revolving  at  70  revolutions  and  at  110  revolutions  per 
minute,  the  minimum  and  maximum  speeds.  All  defective  observations, 
owing  to  the  presence  of  trains  in  the  tunnel,  were  thrown  out.  The 
mean  of  all  observations  taken  iu  the  small  divisions  was  computed,  and 
the  mean  of  these  means  was  taken  as  the  amount  of  air  passing  through 
the  area  of  issue  in  one  minute.  It  was  found  that  at  70  revolutions  the 
amount  of  air  discharged  was  approximately  200  000  cubic  feet  i^er 
minute,  and  at  110  revolutions  240  000  cubic  feet  per  minute.  Without 
having  at  hand  the  notes  of  Mr.  C.  Shaler  Smith,  the  writer  is  at  a  loss 
to  understand  the  discrepancy  between  Mr.  Smith's  results  and  his  own. 
Mr.  Smith  stated  that  the  total  amount  of  air  to  be  removed  from  the 
tunnel  was  2  750  000  cubic  feet,  and  that  this  was  removed  in  six  minutes 
— four  and  one-half  minutes  from  the  time  the  train  passed  the  fan. 
This  would  give  a  capacity  of  450  000  cubic  feet  per  minute.  But  the 
great  fans  at  the  Mersey  Tunnel,  40  feet  in  diameter  and  12  feet  wide, 
running  at  45  revolutions  per  minute,  are  rated  at  200  000  cubic  feet  per 
minute,  and  the  total  of  all  four  fans— two  40  feet  in  diameter  and 
two  30  feet  in  diameter — is  but  500  000  cubic  feet  per  minute. 

Up  to  within  two  or  three  years  the  ventilation  of  the  St.  Louis 
Tunnel  has  been  considered  fairly  good.  In  certain  states  of  the  atmos- 
2:)here,  however,  as  in  the  case  of  all  tunnels,  the  smoke  moves  very 
sluggishly,  and  in  a  portion  of  the  tunnel  the  air  is  very  foul.  With  a 
strong  westerly  wind,  for  instance,  the  smoke  collects  at  the  eastern 
half  of  the  tunnel,  and  the  fan,  while  not  powerful  enough  to  draw  the 
smoke  to  the  ventilating  stack  against  the  current  of  air  entering  the 
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■western  portal,  is  yet  sufficient  to  keep  the  body  of  smoke  from  drifting 
out  of  the  eastern  portal. 

It  is  only  a  question  of  a  few  years,  however,  before  more  adequate 
means  of  ventilation  will  have  to  be  jirovided,  owing  to  the  rapid  in- 
crease of  traffic.  During  the  year  1888,  the  total  number  of  trains  and 
light  engines  passing  through  the  tunnel  was  61  174,  an  average  of  167 
trains  for  every  day  in  the  year,  or  about  eight  and  one-half  minutes 
between  trains.  The  time-card  in  effect  June  15th,  1890,  shows  thirty- 
eight  regular  passenger  trains  between  6.40  a.m.  and  9.10  a.m.,  or  one 
train  every  four  minutes  in  the  tunnel. 

EuKOPEAN  Tunnels. 

In  closing  this  paper  a  brief  glance  will  be  given  to  the  conditions  of 
Borne  of  the  principal  European  tunnels  as  regards  ventilation. 

In  the  mountain  tunnels  of  the  continent  of  Europe  natural  ventila- 
tion has  been  found,  so  far,  to  be  sufficient.  This  subject  received  a 
great  deal  of  attention  at  the  opening  of  the  Mont  Cenis  and  of  the  St.. 
Gothard,  and  a  thorough  investigation  of  the  meteorological  conditions- 
existing  at  these  tunnels  has  been  made. 

At  St.  Gothard  Tunnel  the  natural  current  of  air  was  found  to  be  due- 
to  two  causes:  difference  of  temperature  between  the  air  inside  and  out- 
side the  tunnel,  and  the  difference  in  height  of  barometer  at  the  twa 
portals,  which  differ  in  elevation  by  36  meters.  This  difference  in 
barometric  height  is  always  sufficient  to  prodiice  a  definite  current  from^ 
north  to  south  (tha  north  portal  being  the  lower)  when  the  temjDcrature 
of  the  air  at  the  two  portals  is  nearly  or  quite  the  same.  The  air  cur- 
rent from  the  north  is  pretty  constant  during  the  summer  months.  In 
general  the  tunnel  is  so  clear  that  either  end  can  be  seen  from  the  middle. 
The  traffic,  however,  of  the  Alpine  tunnels  is  yet  comparatively  light. 

The  artificial  ventilation  of  tunnels  has  been  carried  to  a  greater  ex- 
tent in  England  than  elsewhere.  The  Mersey  Tunnel  is  the  most 
noticeable  example  of  successful  ventilation  under  heavy  traffic  and 
with  heavy  grades.  This  tunnel  is  4  960  feet  long,  under  the  river,  and 
is  26  feet  wide  ;  it  is  double-tracked  throughout.  The  grade  in  a  por- 
tion of  the  tunnel  is  196  feet  to  the  mile. 

The  i^rinciple  on  which  the  ventilation  was  planned  was  to  admit 
fresh  air  at  the  stations  and  draw  it  either  way  to  points  midway  be- 
tween stations,  where  the  ventilating  fans  were  jDlaced.     An  auxiliary 
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tunnel  or  air  drift  7  feet  2  inclies  in  diameter  runs  parallel  with  the 
main  tunnel,  and  is  connected  with  it  and  the  stations  by  sliding  doors, 
so  that  air  can  be  drawn  from  any  point  desired.  The  fans  are  four  in 
number,  two  40  feet  diameter  and  12  feet  wide,  and  two  30  feet  diameter 
and  10  feet  wide.  Their  collective  capacity  is  500  000  feet  per  minute; 
average  number  of  revolutions  per  minute  is  forty-five. 

For  purposes  of  ventilation  the  tunnel  is  divided  into  four  sections, 
one  fan  being  allotted  to  each  ;  but  by  means  of  the  doors  in  the  air 
passages  the  fans  can  be  made  to  do  each  other's  work,  and  no  complete 
stojjpage  of  ventilation  is  possible.  The  30-foot  fan  at  Liverpool  venti- 
lates the  James  Street  station  and  the  section  of  the  tunnel  between  that 
station  and  the  terminus.  The  capacity  of  this  fan  is  about  120  000 
cubic  feet  per  minute.  The  40-foot  fan  at  Liverpool  ventilates  the  sec- 
tion of  the  tunnel  between  James  Street  station  and  the  center  of  the 
river.  Capacity  about  130  000  cubic  feet  per  minute.  The  40-foot  fan 
at  Shore  Eoad,  Birkenhead,  ventilates  the  section  between  the  middle 
of  the  river  and  the  Hamilton  Square  station,  and  has  a  capacity  of 
130  000  cubic  feet  per  minute.  The  30-foot  fan,  the  fourth  in  the  series,  is 
located  at  Hamilton  Street,  nearly  midway  between  Hamilton  Square 
station  and  Borough  Boad,  and  has  a  cajpacity  of  about  120  000  cubic 
feet.  The  combined  fans  have  a  capacity  about  one-seventh  that  of  the 
entire  tunnel.  These  fans  are  all  built  on  the  lines  of  the  well-known 
Guibal  fan. 

About  three  hundred  trains  a  day  pass  through  the  tunnel,  giving  a 
maximum  train  service  of  one  train  each  way  every  five  minutes.  With 
this  heavy  traffic,  and  with  the  severe  grades,  the  ventilation  of  both 
tunnel  and  stations  is  excellent. 

In  the  opinion  of  most  engineers  who  are  interested  in  the  subject, 
the  hope  of  successful  ventilation  lies  in  the  possibility  of  keej^ing  the 
smoke  and  gas  out  of  tunnels  rather  than  in  removing  the  vitiated  at- 
mosphere. For  underground  railways,  where,  though  trains  may  be 
heavy,  grades  will  probably  be  light,  electricity  offers  good  ground  for 
hoi^e  of  a  solution  of  this  problem.  Fortunately,  in  mountain  regions 
-where  grades  are  liable  to  be  severe,  the  traffic  will  be  comparatively 
light  for  many  years  to  come,  and  no  special  means  of  ventilation  will 
be  necessary.  But  even  in  these  tunnels,  such  as  the  Arlberg  and  the 
Simplon,  the  possibility  of  using  smokeless  engines  or  a  method  of  sus- 
pended firing  has  been  under  consideration. 
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DISCUSSION. 


Augustus  W.  Locke,  M.  Am.  Soc.  C.  E. — I  fully  agree  witli  Mr. 
Eayrstliat  the  true  metliod  of  maintaining  a  good  atmosi^here  in  tunnels 
is  to  move  the  train  by  some  motive  power  other  than  the  ordinary 
locomotive,  which  shall  not  fill  the  whole  tunnel  with  smolce  and  steam. 
The  smoke  and  gas  render  the  atmosphere  unfit  for  breathing,  and  in 
long  timnels  laborers  and  trainmen  are  made  sick  thereby.  The  smoke 
and  steam  cut  off  the  sight  and  sound,  so  that  trains  cannot  be  seen  or 
heard  at  any  long  distance,  and  visual  signals  are  not  reliable. 

So  far  as  I  have  observed,  the  motion  of  trains  has  very  little  bene- 
ficial effect  on  the  ventilation.  A  train  often  changes  the  current,  but  it 
changes  back  to  its  original  direction  as  soon  as  the  train  leaves  the 
tunnel.  If  the  train  and  the  current  are  both  going  the  same  way, 
then  the  train  accelerates  the  current  somewhat,  but  not  over  3  or  4 
miles  an  hour.  But  if  the  current  is  traveling  west,  for  instance,  and  a 
train  enters  going  east,  the  current  is  either  reversed  or  else  brought 
to  a  stand-still.  If  reversed,  the  smoke  which  had  previously  been 
traveling  toward  daylight  is  driven  back  and  has  to  go  the  same 
ground  over  again.  So  the  good  that  one  train  does  is  offset  by 
another  running  in  the  opposite  direction. 

Steam  is  as  great  an  obstruction  to  the  sight  as  smoke,  although  it 
does  not  seriously  injure  the  air  for  breathing,  but  rather  improves  it. 

The  passage  of  two  or  three  freight  trains  going  up  grade  at  short 
intervals  produces  a  dense  atmosphere,  so  that  a  large  torch  cannot  be 
seen  over  30  feet.  Then  if  there  is  not  much  draught  and  the  air  con- 
tinues nearly  stationary,  those  who  breathe  it  will  soon  begin  to  have 
headache  and  perhaps  dizziness,  and  sometimes  they  have  been  made  unfit 
for  duty,  and  have  fallen  down  and  have  been  carried  out  on  push  cars. 
Much  time  is  unavoidably  lost  by  workmen  in  long  tunnels,  because 
they  cannot  see  to  work,  and  much  more  on  account  of  the  depressing 
effect  of  the  bad  atmosphere. 

Smokeless  engines  would  not  be  a  remedy,  as  the  steam  and  the  prod- 
ucts of  combustion  would  still  be  there. 

A  tunnel  supplied  with  motive  power  other  than  the  steam  loco- 
motive would  be  useful  to  the  same  extent  as  the  same  number  of  miles 
of  track  outside.  Noav,  long,  smoky  tunnels  have  to  be  run  with  un- 
usual care.  Ordinary  train  flagmen  are  easily  bewildered  in  a  smoky 
tunnel,  and  are  not  to  be  relied  on.  Neither  can  any  kind  of  a  visual 
signal  be  depended  on.  Torjiedoes  or  other  audible  signals  have  to  be 
used.     The  absokite  block  is  the  only  safe  reliance. 

The  time  seems  to  have  arrived  when  tunnels  with  a  heavy  traffic 
need  to  be  kept  clear  of  all  smoke,  gas  and  steam,  and  be  lighted  by 
electricity. 
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At  tlae  Hdosac  Tunnel,  with  which  the  writer  was  connected  as  an 
engineer  for  eighteen  years,  duriug  twelve  of  which  he  had  it  under  his 
care,  the  ventilation  has  always  been  bad  for  many  days  out  of  each 
year.  Sickness  among  workmen  hajipens  occasionally,  and  whole  gangs. 
have  been  taken  sick  tliere. 

It  is  not  probable  that  fans  can  be  used  to  advantage  in  this  tunnel 
on  account  of  its  large  area  and  the  long  distance  the  air  has  to  travel. 
Any  system  of  artificial  ventilation  to  be  of  any  service  ought  to  clear 
the  tunnel  in  twenty  minutes,  which  is  about  the  best  that  natural  venti- 
lation accomjjlishes  in  the  coldest  weather.  The  exj^ense  of  operating 
the  necessary  machinery  to  move  so  large  a  volume  of  air  in  so  short  a 
time,  to  say  nothing  of  the  exjDense  of  prepai'ing  an  underground  cham- 
ber to  receive  the  machinery,  makes  it  very  doubtful  whether  that 
method  can  ever  come  into  use  there.  And  even  if  it  were  tried  it  would 
by  no  means  insure  a  clear  atmosphere.  Every  freight  train  would,  as 
now,  fill  half  the  tunnel  with  gas,  smoke  and  steam. 

The  grade  at  the  Hoosac  Tunnel  is  59. 94  feet  higher  at  the  central  shaft 
than  at  the  portals.  The  total  amount  of  brickwork  is  7  573  lineal  feet,  a, 
little  less  than  a  third  of  the  whole.  The  tunnel  is  26  feet  wide  where 
lined,  and  24  feet  wide  where  unlined.  The  loose  rock  which  has  been  re- 
moved fi'om  the  roof  and  sides  in  the  rock  section  has  no  visible  effect  i^jjou 
the  size  of  the  tunnel,  but  has  rendered  it  from  year  to  year  more  secure. 

The  temporary  timber  shields,  as  well  as  the  masonry  and  galleries 
at  the  bottom  of  the  central  shaft,  were  designed  and  constructed  by  the 
writer,  and  they  were  not  intended  to  have  any  etlect  upon  the  ventila- 
tion worth  speaking  of,  but  were  solely  for  the  purpose  of  protecting 
the  tunnel  from  falling  stones,  leaving  sufficient  openings  for  air,  smoka 
and  steam  to  travel  freely.  The  air  galleries  were  planned  with  ample 
area  and  easy  curves,  as  shown  on  the  writer's  original  jdan  of  April 
15th,  1880,  a  copy  of  which  accompanies  Mr.  Eayrs'  paper.  It  was  not 
intended  that  the  current  up  or  down  the  shaft  should  be  at  all  retarded 
on  account  of  the  construction  of  the  galleries,  and  no  trouble  of  that 
kind  has  ever  arisen. 

The  timber  shields  were  only  a  temjjorary  expedient,  and  proved  ta 
be  a  poor  reliance,  although  constructed  of  8  x  14-inch  bridge  timber 
very  strongly  bolted  to  the  sides  of  the  shaft.  Before  starting  to  con- 
struct the  work  at  the  bottom  of  the  shaft  two  miners  were  lowered 
down  about  100  feet  from  the  top  to  examine  some  loose  rock  which  was 
known  to  be  hanging  there.  They  found  one  dangerous  piece,  weighing 
upwards  of  500  i^ouuds,  and  let  it  down.  It  struck  the  shield  at  the 
bottom  (about  1  000  feet  below)  and  completely  demolished  it. 

Lewis  M.  HAt-PT,  M.  Am.  Soc.  C.  E. — The  subject  which  is  brought 
to  our  attention  in  this  carefully  jirepared  paper  is  one  of  great  impor- 
tance in  view  of  the  demand  existing  in  our  overgrown  communities  for 
raj)id  transit. 
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The  author  has  very  clearly  drawn  the  line  between  long  and  short 
tunnels,  and  has  shown  why  the  bete  noir  of  the  former  is  of  compara- 
tively little  moment,  while  in  the  latter  it  becomes  of  serious  conse- 
quence, due  to  the  frequency  of  train  movements.  Probably  nowhere 
is  this  more  apparent  than  in  the  Bergen  Hill  Tunnel,  less  than  1  mile 
long,  on  the  Central  Railroad  of  New  Jersey,  where  long  trains  follow 
each  other  with  a  headway  of  only  a  few  minutes,  and  where  the  air  is 
so  dense  with  gas  and  smoke  that  the  engine-drivers  must  run  by  faith 
and  not  by  sight.  Although  this  has  been  a  serious  matter  for  some 
years  back,  when  a  longitudinal  brattice  work  was  contemplated,  I  have 
not  learned  that  anything  has  been  done  to  afford  relief. 

Long  before  the  Hoosac  Tunnel  was  demonstrated  to  be  even  prac- 
ticable, the  question  of  its  ventilation  assumed  great  importance,  and  it 
•was  strongly  urged  by  its  opponents  that  it  would  be  impossible  to 
breathe  in  so  contracted  a  space.  Later,  when  it  was  j^roposed  to  build 
the  central  shaft,  the  matter  of  its  effect  upon  the  tunnel  as  designed, 
namely,  for  single  track,  demanded  careful  consideration.  The  posi- 
tion taken  by  H.  Haupt,  Chief  Engineer  and  contractor,  was  that  for  a 
single-track  tunnel  of  this  length  the  piston-like  action  produced  by 
the  j^assage  of  the  trains  would  be  suflScieat  to  change  the  air  in  the 
tube,  whereas  if  the  central  shaft  were  built,  the  foul  air  and  smoke  at 
the  crown  would  rise  in  the  shaft  as  the  train  apjiroached  the  summit 
and  be  sucked  down  again  after  its  jDassage,  leaving  a  cloud  of  vitiated 
air  in  the  center  which  it  would  be  difficult  to  remove.  The  ventilation, 
it  was  predicted,  would  be  greatly  assisted  by  the  jihysical  conditions  at 
the  site,  for  the  portals  face  east  and  west,  with  two  summits  lietween, 
causing  considerable  differences  of  temperature  and  pressure  at  the 
ends  \\  liich  would  favor  the  circulation. 

This,  however,  would  be  neutralized  to  a  great  extent  by  the  winter 
doors  mentioned  in  the  paper,  which  must  also  interfere  with  the  venti- 
lation by  the  air  shaft  at  the  apes  of  grade.  It  was  further  proposed 
•when  the  expense  should  be  warranted  by  the  traflSc  to  open  a  number 
of  lateral  drifts  and  construct  a  twin  tunnel  beside  the  first,  and  on  its 
completion  to  close  the  ports  used  for  construction  and  thus  secure  the 
benefit  of  the  mechanical  ventilation  due  to  train  movements  for  a  double- 
track  tunnel  with  a  rock  brattice  work  at  less  expense  both  for  first  cost 
and  maintenance.  But  the  policy  of  the  State  changed  with  its  admin- 
istration, and  an  engineering  work  which  would  have  been  completed 
with  profit  for  ^2  000  000,  became  a  political  machine  which  ultimately 
cost  nearly  $17  000  000. 

The  necessity  of  winter  doors  in  that  latitude  soon  became  apparent, 
for  during  construction  large  stalactites  and  stalagmites  of  ice  were 
frequently  struck  by  the  construction  trains  in  winter. 

The  statistics  of  the  work  are  well  stated  by  the  author,  and  it  may 
be  interesting  to  add  that  in  September,  1888,  the  Chief  Engineer,  Mr, 
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E.  K.  Tiiruer,  reported  to  me  tlie  number  of  trains  per  diem  as  forty,  of 
•which  eighteen  were  passenger.  If  it  is  now  sixty-five,  it  indicates  an 
increase  of  60  per  cent,  in  two  years,  and  impresses  the  importance  of 
early  measures  for  the  improvement  of  the  ventilation. 

The  author  has  ah-eady  cited  the  celebrated  Mersey  Tunnel,  with  its 
steeji  grades  of  1  in  27,  heavy  traffic  and  soft-coal  locomotives,  and  I 
only  refer  again  to  it  to  confirm  the  statement  as  to  the  purity  of  the  air, 
which  is  much  better  than  that  of  the  Metropolitan  Underground  Rail- 
way of  London.  In  Glasgow  I  saw  in  use  a  device  for  assisting  engines 
up  steep  inclines  through  the  tunnel,  which  eliminated  the  use  of  steam 
entirely.  It  was  merely  an  endless  cable  to  which  the  engine  was  at- 
tached while  in  motion.  The  problem  of  rapid  cable  propulsion  with 
the  object  of  dispensing  with  locomotives  for  underground  traffic  has, 
doubtless,  received  its  highest  present  development  at  the  hands  of  the 
Union  Traction  Cable  Company  of  New  York;  but  where  this  method  is 
not  practicable  it  has  occurred  to  the  writer  that  a  number  of  small  fans 
at  frequent  intervals,  operated  by  electric  motors,  would  prove  simple 
and  efficient  where  cheap  power  is  available,  and  where  the  usual 
railway  rolling  stock  must  be  used  in  the  tunnel,  at  least  for  through 
travel. 

N.  W.  Eatbs,  M.  Am.  Soc.  C.  E. — The  phenomenon  of  a  column  of 
smoke  rising  and  falling  in  a  ventilating  shaft  or  stack,  which  was  anti- 
cipated by  Mr.  Herman  Hauist  with  reference  to  the  central  shaft  of  the 
Hoosac  Tunnel,  is  very  noticeable  in  the  ventilator  stack  of  the  St. 
Louis  Tunnel.  "When  the  fan  has  been  stopped  for  some  time  the 
stack  becomes  filled  to  the  toi^  with  smoke,  which  remains  stationary 
until  a  train  enters  the  tunnel.  As  the  train  approaches  the  fan,  the 
smoke  column  rises,  and  continues  to  rise  until  the  train  passes  the 
bottom  of  the  shaft,  when  the  motion  is  reversed,  and  a  strong  current 
of  cold  air  is  drawn  downward  from  the  top  of  the  stack  into  the  tunnel 
by  the  suction  produced  by  the  receding  train.  This  action  of  the 
moving  train  is,  however,  never  sufficient  to  clear  the  stack. 

I  quite  agree  with  Professor  Haupt  that  better  ventilation  than  now 
exists  would  probably  be  obtained  by  the  use  of  a  number  of  small  in- 
dependent fans  distributed  at  suitable  intervals  along  the  tunnel.  The 
object  aimed  at  is,  of  course,  to  emjDty  the  tunnel  of  vitiated  air  in  the 
shortest  ]>ossible  time,  and  this  is  more  readily  accomjjlished  by  taking 
the  air  from  several  points  than  by  moving  the  whole  mass  of  air  from 
the  portals  to  a  central  ventilating  station.  I  think,  however,  that  the 
same  result  would  be  accomi^lished  with  less  expenditure  for  operation 
and  maintenance  by  making  use  of  an  auxiliary  ventilating  tunnel  com- 
municating with  a  central  ventilator  station. 

It  is  interesting  to  learn  that  the  idea  of  a  ventilating  tunnel,  as  suc- 
cessfully ai^plied  at  the  Mersey  Tunnel,  was  contained  in  the  original 
designs  of  the  Hoosac  Tunnel. 
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But  after  all  that  has  been  accomplished  in  the  matter  of  ventilation 
of  tunnels  or  underground  railways,  it  must  be  acknowledged  that  a 
satisfactory  solution  of  the  problem  has  not  yet  been  reached.  Even 
with  the  Mersey  Tunnel,  which  is,  without  doubt,  the  most  successful 
instance  of  artificial  ventilation,  it  must  be  only  a  question  of  time  when 
the  volume  of  traffic  will  overtake  the  capacity  of  the  ventilating  appa- 
ratus. The  complete  solution  of  the  problem  seems  to  be  in  the  adop- 
tion of  some  other  motor  than  steam.  As  yet  none  of  the  expedients 
suggested  meet  the  requirements  fully,  but  electricity,  at  least  for  un- 
derground city  traffic,  where  the  trains,  though  frequent,  are  short,  and 
where,  from  the  nature  of  the  traffic,  the  need  of  absolute  freedom  from 
smoke  and  gas  is  most  keenly  felt,  seems  to  offer  the  most  promising 
field. 
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THE    CAUSE  OF  EAIN  AND  THE  STRUCTURE   OF 
THE  ATMOSPHERE. 


By  Franz  A.  Velsohow. 

In  a  paper  entitled  "  On  the  Cause  of  Trade-Winds,"*  which  I  recently 
had  the  honor  of  reading  before  the  Society,  I  gave  my  reasons  for 
assuming  that  the  actuality  which  lies  behind  the  realh^  abstract  terms 
"a  center  of  high  pressure"  or  *'  an  anti-cyclone  "  is  a  body  of  unsaturated 
or  dry  surface-air,  or  what  may  be  called  an  air-cushion.  I  now  propose 
to  continue  this  train  of  thought  by  dealing  in  a  similar  way  with  low 
pressures,  or  cyclones,  thereby  trying,  if  jjossible,  to  arrive  at  a  definite 
conclusion  as  to  the  actual  cause  of  rain;  rain  being  the  most  prominent 
feature  of  cyclones,  or  low  pressures. 

The  difficulty  in  ui^i^roaching  this  subject  lies  perhaps  herein,  that, 
as  Mr.  Scott  says  in  his  "Elementary  Meteorology,"  1887,  "almost  every 
one  imagines  himself  a  born  meteorologist,"  and  therefore  in  all  likeli- 

*  Transactions,  Vol.  XXIIf,  August,  1890. 
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hood,  if  this  be  true,  almost  every  one  of  my  present  audience  has  formed 
for  himself  a  more  or  less  definite  opinion  of  the  cause  of  such  an  every- 
day occurrence  as  rain.  To  shake  this  faith  a  little,  and  to  show  you 
that  we  here  really  stand  before  a  problem  which  has  not  as  yet  been 
quite  solved,  I  may  commence  by  quoting  what  a  man  of  Mr.  Scott's 
experience  says.  "We  must  admit,"  says  he,  "that  the  study  of 
weather  has  made  next  to  no  jjrogress  at  all  in  gaining  an  insight  into 
the  agencies  which  are  at  work  in  producing  the  various  phases  of 
■weather;"  and,  "unless  this  be  secured  by  careful  and  long-continued 
attention  to  a  few  simple  and  obvious  principles,  the  labor  bestowed  on 
the  most  complete  mathematical  discussion  of  the  results  will  be  thrown 
a,way. " 

It  is  indeed  a  curious  fact  that  the  more  pains  meteorologists  have  of 
late  years  been  taking  in  trying  to  bring  the  accumulating  facts  of  ob- 
servations to  agree  with  theory,  the  farther  they  seem  to  have  gotten 
away  from  their  goal.  They  may  not  all  admit  this,  but  it  is  a  sign  of  a 
■wise  man  that  he  admits  when  he  knows  nothing  ;  and,  as  we  have  just 
seen,  Mr.  Scott  for  one  is  evidently  fully  aware  of  the  deficiencies  of  his 
science,  which  he  declares  "can  hardly  be  called  a  science  as  yet." 

To  make  you  a  little  familiar  with  the  difficulties  we  have  to  encoun- 
ter, I  may  commence  with  a  brief  examination  of  the  rain  theories  which 
at  present  are  most  in  vogue  with  meteorologists.  These  have  been  con- 
densed in  the  following  words  by  Mr.  Scott : 

"  Rain  is  produced  by  the  chilling  of  air  more  or  less  charged  with 
moisture.  This  is  effected  in  various  ways,  of  which  the  following  are 
the  principal:  1.  The  ascent  of  a  current  of  damp  air,  which  is  chilled 
as  it  rises;  2.  The  contact  of  warm  and  damp  air  with  the  colder  surface 
of  the  ground,  as  in  case  of  our  own  west  coasts  in  winter  (England), 
where  the  land  is  colder  than  the  sea-surface;  3.  The  mixture  of  masses 
of  hot  and  cold  air." 

Of  these  three  causes,  No.  3  is  by  the  author  himself  placed  liors  de 
■combat,  when  he  states  that  Dr.  Hann,  of  Vienna,  has  calculated,  "  that 
•even  by  assuming  a  very  extreme  case,  which  could  hardly  occur  in 
nature,  there  could  not  be  jiroduced  as  much  as  the  twentieth  part  of  an 
inch  of  rain." 

Cause  No.  2  is  by  the  author  partly  included  in  Cause  No.  1,  as  the 
sloping  land-surface  causes  the  air  moving  against  it  to  ascend.  As  to 
the  other  part  of  it,  I  fail  to  see  how  contact  between  a  cold  surface  and 
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warm  air  can  produce  rain.  It  can  produce  deposit  of  dew,  as,  for  in- 
stance, when  we  bring  a  glass  of  cold  water  into  a  heated  room;  but  rain 
ahvays  falls  from  a  considerable  distance  from  the  groxmd,  and  is  there- 
fore not  created  at  the  place  of  contact  of  the  air  with  the  land-surface. 

We  are  therefore  now  reduced  to  Cause  No.  1  as  the  only  possible  one 
among  these  causes  of  rain.  This  is,  however,  worse  than  no  cause  at 
all,  as  may  be  seen  from  the  following  simple  experiment :  If,  under 
the  piston  of  a  strong  glass  cylinder,  we  have  air  saturated  with  moisture, 
and  press  the  piston  down,  a  jiortion  of  the  moisture  is  condensed  into- 
water,  as  is  seen  by  the  mist  formed,  and  the  trickling  of  dew  down  the 
inner  surface  of  the  glass  vessel.  The  temperature  is  raised  by  the^ 
compression,  but  not  sufficiently  to  prevent  condensation  from  taking 
place.  If  we  now  draw  the  piston  back  to  its  first  position,  we  find  the^ 
air  under  the  piston  in  the  same  condition  as  when  we  started  the  ex- 
periment. But  this  means,  that,  by  expanding  the  air,  the  moisture 
which  was  condensed  into  water  by  the  comi^ression  has  again  evapo- 
rated. The  air,  therefore,  gets  chilled  by  the  expansion,  but  not  suf- 
ficiently to  i^revent  this  evaporation  from  taking  place.  (See  Note  I.) 
By  drawing  the  piston  suddenly  out  a  mist  or  cloud  is  often  moment- 
arily formed  in  the  vessel.  Engineers  will  often  have  noticed  the 
same  phenomenon  when  the  compressed  air  in  a  diving-bell  is  sud- 
denly let  out.  As,  however,  any  sudden  or  violent  change  in  pressure 
never  occurs  in  nature  or  in  the  oi^en  atmosphere,  this  phenomenon  can 
have  no  connection  whatsoever  with  the  cause  of  rain. 

The  consequence  is,  that  the  chilling  produced  by  expansion  during 
the  ascent  of  a  current  of  damp  air  can  under  no  circumstances  be  the 
general  cause  of  rain.  The  experiment,  however,  shows  that  condensa- 
tion or  rain  can  be  i^roduced  by  a  body  of  saturated  air  being  brought 
under  greater  pressure;  and  of  this  we  will  just  make  a  passing  note. 

The  ascent  of  a  current  of  damp  air  is  by  most  meteorologists  consid- 
ered to  be  the  chief  cause  of  rain,  and  is  supposed  to  take  place  at  the 
center  of  a  cyclone.  It  is  thus  maintained  that  there  is  a  certain  inward 
movement  of  the  circulating  surface  air  in  a  cyclone,  and  that  for  the 
air  (this  is  supposed  to  be  always  damp  air)  which  is  carried  by  it 
toward  the  center  there  is  no  other  means  of  escape  but  to  rise  at  the 
center.  How  absurd  this  explanation  must  ai^pear  to  anybody  who  has 
been  living  in  deserts  or  arid  districts  will  be  observed  when  I  mention 
that,  while  I  was  in  Aiistralia  during  a  period  of  very  severe  drought,  a 
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break  in  the  cTrouglit  was  caused  by  a  series  of  cyclones  crossing  the 
country,*  entering  in  the  northern  part  of  New  South  Wales,  and  pass- 
ing out  again  through  Victoria,  thereby  drenching  a  narrow  strip  of 
land  about  50  miles  wide  and  400  or  500  miles  long  with  rain,  while  on 
both  sides  the  drought  continued  uninterruptedly.  It  seems  difficult  to 
•explain  how  this  cyclone  should  have  gathered  its  supply  of  moisture 
from  moisture  rising  from  the  dry  surface  air  over  a  perfectly  dried-up 
country. 

Numerous  equally  striking  instances  of  the  hoUowness  of  the  rising- 
current  cyclone-theory  might  be  mentioned;  e.  g.,  in  a  place  like  New 
York,  where  the  difference  in  temperature  between  summer  and  winter 
is  often  as  much  as  80  degrees  Fahr.,  the  contents  of  moisture  in  satu- 
rated surface  air  is  20  times  greater  during  summer  than  during  winter, 
■and  for  two  equally  conditioned  cyclones,  that  is,  equal  with  regard  to 
distribution  of  pressure  and  force  of  wind,  there  would  rise  20  times 
more  moisture  at  the  center  during  summer  than  during  winter,  and  we 
might  therefore  expect  a  much  heavier  downpour  from  the  summer 
cyclone  than  from  the  winter  cyclone,  but  no  such  difference  is 
observed  ;  the  downpour  per  hour  is  practically  the  same. 

"What  we  want  is  evidently  a  rain  theory  which  is  capable  of  account- 
ing for  rain,  whether  the  surface  over  which  a  cyclone  ■  j)asses  is  wet  or 
^ry,  or  whether  it  is  giving  off  vapors  or  not;  and  I  have  taken  pains  to 
show  how  utterly  incapable  the  existing  theories  are  in  this  respect,  so 
as  to  clear  the  atmosphere  from  old  cobwebs  which  might  stand  in  the 
way  of  an  entirely  different  view  of  the  whole  question,  being  well  aware 
of  the  opposition  with  which  new  theories  are  genei'ally  met  at  the  be- 
ginning. 

.  In  my  pamj)hlet  on  "Drought "  I  called  attention  to  the  aqueous  vapor 
as  the  element  of  the  atmosphere  to  which  some  unknown  quality  was 
likely  to  adhere,  and  by  knowing  which  we  should  be  able  to  exi^lain  the 
whole  atmospheric  puzzle.  With  the  object  in  view  of  finding  this 
secret,  I  undertook,  in  April,  1888,  a  series  of  observations  from  the  tower 
of  the  Rouen  Cathedral  in  France. 

The  object  of  these  observations  was  to  ascertain  the  difference  in 
barometrical  pressure  existing  between  the  two  ends  of  a  vertical  air- 
column,  and  to  observe  how  far  and  in  what  manner  this  difference,  or 
the  weight  of  the  air-column,  changes  when  the  state  of  humidity  of  the 

*  See  H.  C.  Russell,  Report  on  Rainfall  of  New  South  Wales. 
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air  varies.  At  the  base  and  top  of  the  steeple  of  the  cathedral,  which  is 
ujawards  of  500  feet  high,  was  established  a  station  containing  qiiicksilver 
barometers  (and  aneroid  barometers  to  check  the  readings  of  these)  and 
dry  and  wet  bulb  hygrometers.     At  convenient  places  between  the  two 
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stations  thermometers  were  hung  out,  w  ith  the  object  of  attaining  a  fair 
average  of  the  temperature  of  the  air-column.  The  two  stations  were 
connected  with  a  telephone;  and  at  convenient  hours,  at  any  time  during 
the  day  of  night,  for  a  period  of  about  fourteen  days,  synchronous 
readings  of  all  instruments  were  taken  at  both  stations. 
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The  instruments  were  tlie  best  and  newest  made  by  Messrs.  Negretti 
&  Zambra,  of  London,  and  were  all  adjusted  at  the  Kew  Observatory. 
It  is  my  pleasant  duty  to  mention  here  that  tliis  well-known  firm  of 
instrument-makers  wrote  me  a  polite  letter,  in  wbicli  they  offered  the  loan 
of  their  instruments,  free  of  charge,  considering  the  interest  involved  in 
my  researches.  To  assist  me  in  making  these  observations,  I  secured 
the  services  of  Mr.  McClellan,  of  the  Greenwich  Observatory,  who  has 
had  many  years'  experience  in  handling  the  most  delicate  meteorological 
instruments.  Thus  everything  possible  was  done  to  obtain  reliable 
observations,  and  the  result  was  as  stated  below.  Instead  of  repro- 
ducing here  the  figures  of  my  own  personal  observations,  I  think  it  will 
be  more  to  the  purpose  to  point  out  how  the  same  result  can  be  dis- 
tinctly traced  in  the  observations  made  by  others,  at  a  time  when  they  - 
were  not  aware  that  these  results  could  be  deduced  from  their  observa- 
tions. As  stich,  I  have  selected  Professor S.  P.  Langley's  "Professional 
Papers,  Signal  Service  No.  XV,  "War  Department,  U,  S."     (See  Note  II.) 

The  results  of  my  observations  showed  that  an  air-column  150 
meters  high,  between  the  top  and  base  of  this  tower,  became  1.3  per 
cent,  lighter  by  an  increase  of  atmospheric  humidity,  indicated  by  an 
increase  of  elastic  force  of  vapor  of  from  .2  to  .3  of  an  inch  pressure. 
The  temperature  was  reduced  to  40  degrees  Fahr.,  and  the  atmospheric 
pressure  to  30  inches. 

Kegnault  has  decided  that  free  air  is  a  vacuum  to  moisture  and  will 
hold  just  as  much  as  a  vacuum,  but  this  does  not  imjjly  that  1  cubic 
foot  of  dry  air  by  being  intermixed  with  1  cubic  foot  of  saturated  vapor 
should  form  1  cubic  foot  of  saturated  air,  air-pressure  and  temperature 
being  equal.  According  to  Glaisher's  "  Hygrometrical  Tables,"  1  cubic 
foot  of  dry  air,  at  40  degrees  and  at  a  pressure  of  30  inches,  weighs  557.8 
grains,  while  1  cubic  foot  of  saturated  air  weighs  556  grains,  and  1  cubic 
foot  of  saturated  vapor  weighs  2.86  grains.  By  mixing  these  equal  vol- 
umes of  dry  air  and  vapor,  we  obtain  a  total  weight  of  557.8  +  2.86  = 
560.66  grains.     If  this  mixture  be  saturated   air,  its   volume  will  be 

— -  '     -=::  1.008  cubic  foot.     The  dry  air,   by  becoming  saturated,   has 

therefore  suffered  an  expansion  of  0.8  per  cent. 

According  to  my  observations  at  Eoiaen,  the  loss  in  weight  would, 
under  similar  conditions,  have  been  3. 2  per  cent. ,  or  four  times  greater 
than  shown  by  the  tables. 
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How  are  these  seemingly  contradictory  results  to  agree?  The  method 
of  taking  the  weight  of  a  certain  volume  of  air  confined  in  a  vessel,  by 
which  the  tables  have  been  computed,  is  eminently  adapted  to  give  us 
the  exact  specific  gravity;  and  the  experiments  have  been  repeated  so 
often  by  excellent  observers  that  we  have  no  reason  to  doubt  their  cor- 
rectness. If,  therefore,  we  take  it  for  granted  that  only  one-fourth  of 
the  loss  in  weight  sustained  by  the  open  column  of  air  was  due  to  ex- 
pansion, the  rest,  or  three-fourths,  must  have  been  due  to  the  buoyancy 
of  the  aqueous  vapors,  which  would  cause  friction  while  tending 
upwards  thioiTgh  the  atmosj^here  and  thereby  carry  a  part  of  the 
weight  of  the  air-column;  and  this  force  could  under  no  circum- 
stances have  shown  itself  under  the  experiments  with  air  in  confined 
vessels,  whose  absolute  weight  is  taken  in  a  vacuum.     (See  Note  III.) 

We  have  hereby  been  able  to  demonstrate  the  buoyancy  of  aqueous 
vapor  in  the  atmosjihere  as  a  force  that  must  influence  the  readings  of 
the  barometer  very  considerably,  and  we  now  understand  fully  what 
the  main  reason  is  why  the  readings  of  the  barometer  are  lower  when 
the  atmosphere  is  moist  than  when  it  is  dry,  as  in  an  anti-cyclone  or 
air-cushion,  simply  because  the  greater  amount  of  vapor  in  the  moist 
air  exerts  a  greater  friction  by  tearing  u^jwards  through  the  atmosphere 
and  therefore  carries  a  greater  i^ortion  of  the  weight  of  the  air-column 
overhead  than  when  the  air  is  in  a  dryer  state.*     (See  Note  IV.) 

That  this  method,  however,  is  not  strictly  mathematical,  may  be  seen 
by  the  following  instance:  Supposing  we  admit  that  a  particle  of  air 
moving  toward  or  from  the  pole  was  deflected  eastwards  or  westwards 
owing  to  the  earth's  rotation,  then  another  force  of  equal  importance 
would  simultaneously  come  into  play.  In  the  same  degree  as  the  speed 
of  rotation  changes  while  the  particle  of  air  is  moving  from  latitude  to 
latitude,  the  centrifugal  force  exerted  upon  the  particle  of  air  would 
change,  and  consequently  any  pole-bound  current  would  be  deflected 
into  an  upper  current,  and  any  current  in  the  opposite  direction  would 
necessarily  be  bound  to  follow  the  earth's  surface.  These  phenomena, 
however,  do  not  agree  with  observations,  but  it  seems  hardly  in 
accordance  with  the  strict  rules  of  mathematics  to  pick  out  one  compon- 
ent of  a  force,  because  it  seems  to  suit  our  immediate  pur^jose,  and 

*  We  see  now  the  reason  why  the  effect  of  this  buoyancy  has  not  appeared  before  in  tables 
as  that  of  Langley.  The  column  of  relative  humidity  shows  nothing.  It  is  first  by  taking 
the  actual  amount  of  vapor  in  the  air  per  unit  of  volume  that  this  force  becomes  obvious.  It  is 
measured  by  this  number  and  not  by  the  relative  humidity. 
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entirely  neglect  the  other  component  of  this  force,  because  it  does  not 
come  in  very  conveniently. 

The  atmosphere  being  a  perfect  mechanical  mixture  of  air  (O  +  N  + 
CO2)  and  aqueous  vapor  (H2O),  the  buoyancy  of  the  latter  must  mainly 
depend  upon  the  difference  in  specific  gravity  between  the  vapor  and 
the  air  by  which  it  is  surrounded;  and  we  will  now  examine  how  this 
changes  for  dififerent  temperatures  and  at  different  levels. 

The  figures  in  the  three  first  columns  of  the  following  table  are  taken 
from  Glaisher's  "  Hygrometrical  Tables. "  Column  "Dry  Air  («)  "  from 
Table  IV,  and  column  "  Vapor  {v)  "  from  Table  VI.  By  placing  these 
two  columns  alongside  of  each  other  we  are  trying  a  new  combination, 
which  is  of  greatest  importance  to  our  present  subject. 

Weeghts  in   Gkains   of   One   Cubic  Foot  of   (1)   Dky  Aik  and   (2) 
Saturated  Vafok,   both   at  30   Inches   Peessuee. 


Dry  Air. 

Vapor. 

Ratio. 

Temperature,  Fahr. 

(a) 

(V) 

a 

V 

0  Degrees. 

606.4 

0.55 

1100 

10 

S'.13.4 

0.84 

707 

20 

581.1 

1.30 

447 

."-0 

509.2 

1.97 

289 

40 

557.8 

2.86 

195 

50 

546.8 

4.10 

133 

60 

536.3 

5.77 

91 

70 

526.2 

8.01 

66 

80 

516.4 

10.98 

4T 

90 

507.0 

14.85 

35 

100 

497.9 

19.84 

20 

It  will  be  seen  from  this  table  how  much  lighter  vapor  is  than  air, 
and  that  the  difference  in  specific  gravity  is  highly  increased  as  the 
temperature  sinks.  While  air  follows  Gay  Lussac's  law  by  expanding 
by  heat  and  contracting  by  cold,  the  vapor  follows  a  law  the  reverse  of 
Gay  Lussac's  by  contracting  by  heat  and  expanding  by  cold  (compare 
columns  a  and  r),  but  at  a  much  greater  rate  for  equal  differences  in  tem- 

V 

perature  ;  —  gives  us  the  specific  gravity  of  vapor,  that  of  the  surround- 
ing air  being  1;  it  shows  how  the  buoyancy  of  vapor  —  is  strongly  in- 
creased as  the  temperature  sinks.  At  100  degrees  the  specific  gravity  of 
vapor  is  one-twentieth  of  that  of  the  surrounding  air,  and  at  0  degrees 
it  is  less  than  one-thousandth  part  of  it.     The  weights  are  measured 
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under  a  pressure  of  30  inches,  the  ordinary  pressure  at  the  earth's  sur- 
face. To  find  the  weights  at  higher  levels,  where  the  pressure  is  less, 
we  have  only  to  miiltiply  the  numbers  of  columns  {a)  and  [r]  with  the 

V 

same  factor  according  to  Marriott's  law.  As  —  hereby  remains  un- 
changed, it  appears  that  the  buoyancy  of  vapor  in  the  atraosj^here 
depends  entirely  upon  the  existing  temperatures,  and  is  independent 
of  the  pressure,  or  the  level  at  which  the  vapors  are  found.  As  the 
temperature  constantly  sinks  as  we  rise  in  the  atmosphere,  the  buoyancy 
of  vapor,  or  the  force  with  which  vapors  tend  upwards  as  they  rise  to 
higher  levels,  is  constantly  increasing,  and  at  an  astonishingly  high 
rate.  While,  therefore,  the  speed  with  which  vaj^ors  rise  in  the  atmos- 
phere may  be  more  or  less  imperceptible  at  the  ordinary  temperatures 
at  the  earth's  surface,  it  is  rapidly  increased  as  the  vapors  rise,  and 
may  attain  an  almost  inconceivable  magnitude  in  the  extreme  cold 
which  exists  at  a  great  distance  from  the  earth's  surface. 

With  the  results  deduced  from  the  table  fresh  in  our  mind,  we  may 
now  draw  a  jiicture  from  nature  while  trying  to  follow  the  vajDors  on 
their  upward  passage  throiigh  the  atmosphere,  and  we  shall  see  how  far 
our  calculations  agree  with  the  natural  phenomena.  To  take  a  distinct 
case  before  us,  let  us  suppose  that  on  a  fine  day,  with  high  barometer, 
we  are  in  a  dry  locality  in  which  is  found  an  isolated  swampy  place  or 
lake  (Fig.  2).  While  the  surface  air  is  dry  generally,  we  find  it  moister 
over  the  swamj^y  place,  as  the  sun  and  the  warm  and  dry  air  which 
passes  over  it  cause  a  strong  evaporation  to  take  place.  The  warm 
surface  air,  though  exj)anded  by  heat,  moves  over  the  ground  without 
rising.  It  is  first  caused  to  ascend  by  being  intermixed  with  the  vapor- 
particles.  According  to  their  buoyancy,  the  vajjor-particles  tend 
upwards  through  the  atmosphere,  thereby  carrying  the  air  with  which 
they  are  intermixed  upwards  also,  and  the  ascent  of  a  current  of  damp 
air  is  established.  The  vapor  is  the  real  cause  of  this  motion,  each 
and  all  of  its  particles  acting  as  so  many  minute  balloons.  Some  tight 
or  ten  thousand  feet  overhead,  perhaps  at  a  little  distance  laterally 
from  the  moist  ground,  according  to  the  direction  in  which  the  air  moves 
over  the  ground,  we  notice  an  enormous  cumulus-cloud  being  formed, 
and  we  have  no  doubt  whatever  that  it  is  caused  by  the  current  of  damp 
air  ascending  from  the  moist  piece  of  ground.  The  ascending  current, 
after  having  passed  through  the  heated  surface  air,  gets  suddenly  into  a 
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niucli  colder  stratum,  and  condensation  takes  place  by  mixture  of  tlie 
rising  damp  air  with  the  cold  air  it  is  passing  through.  As  a  rule,  the 
chilling  caused  by  the  expansion  of  the  ascending  current  of  air  gires 
it  a  temi^erature  pretty  nearly  the  same  as  that  of  the  air  through  which 
it  is  passing,  and  this  constant  adjustment  of  its  temperature  to  the  sur- 
roundings is  a  most  important  feature  in  the  atmospheric  machinery,  as 


Colder      cizr 


Trarm  sur/a.ce  a.i?' 


Tr%^^ 


without  it  the  vapors  would  no  sooner  have  commenced  to  rise  before 
they  were  stopped  in  their  upward  passage  by  being  turned  into  clouds 
by  mixture.  As  it  is,  it  is  only  when  the  rising  air  is  met  by  a  sudden 
change  in  the  temperature  of  its  surroundings  that  condensation  takes 
place  by  mixture,  which  we  may  express  by  saying  that  the  ascending 
current  has  "caught  a  cold."  Instead,  therefore,  of  its  being  the  chill- 
ing by  expansion  which  causes  condensation  into  clouds  and  thereby  rain, 
we  see  what  an  excellent  preventive  against  the  forming  of  clouds  this 
very  chilling  is  during  the  ui^wards  i^assage.  The  atmospheric  mechanism 
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is  aclmirably  adaiJtocT  to  permit  the  vapors  to  rise  tbrougli  tlic  air,  and 
the  cumuh;s-cloiids  only  indicate  certain  local  imperfections  in  this 
mechanism,  which,  however,  very  soon  adjust  themselves.  "We  do  not, 
as  a  rule,  exj^ect  rain  from  these  enormous  cloud-mountains — they  are 
essentially  rainless  clouds.  If  the  colder  stratum  of  air  be  moving  along, 
we  may  notice  a  row  of  detached  cumulus  clouds  at  some  distance  from 
the  one  nearest  to  the  moist  piece  of  ground,  but  they  grow  smaller  and 
smaller  the  farther  away  they  pass.  They  are  cut  ofif  from  the  supisly 
of  damj)  air,  and  being  surrounded  by  unsaturated  air  on  all  sides,  and 
exjjosed  to  the  sun's  rays,  they  rapidly  evajjorate. 

The  formation  of  these  cumulus-clouds  was  therefore  only  a  passing 
event  in  the  ascent  of  the  current  of  damp  air;  and  as  the  vapors  rose 
before  they  were  condensed,  so  they  will  rise  again  when  they  are  once 
more  turned  into  invisible  vapor,  and  the  more  qirickly,  the  faster  the 
temjDerature  sinks  during  the  ascent.  As  said  before,  air  and  vapor  are 
equally  expanded  by  decrease  of  pressure  during  ascent,  birt  the  decrease 
of  temperature  acts  differently  upon  them,  having  the  effect  of  contract- 
ing the  air,  while  the  vapors  are  very  much  expanded.  For  both  these 
reasons  the  buoyancy  of  the  vapor  is  increased  during  the  ascent.  The 
vapors  must  therefore  necessarily  rise  as  long  as  there  is  any  air  to  j^ass 
through,  unless  they  meet  with  a  layer  of  saturated  moisture,  or  air 
saturated  with  moisture. 

The  clouds  produced  by  the  ascent  of  a  current  of  damp  air  are 
cumulus-clouds,  and  they  resemble  in  their  shape  very  much  the  mist 
caused  by  steam  escaping  from  a  chimney.  The  phenomena  are,  in  fact, 
precisely  similar;  and  the  cumulus- clouds  are  in  their  nature  as  unstable 
a  prodrrct  as  the  mist  from  a  chimney,  only  the  first  phenomenon  is  on  a 
much  larger  scale,  and  consequently  it  takes  a  much  longer  time  for  the 
cumulus-clouds  to  evaporate.  The  formation  of  this  class  of  clouds 
has,  however,  had  a  very  disturbing  effect  upon  the  conclusions  arrived 
at  as  to  the  cause  of  rain,  particularly  as  they  are  not  absolutely  rain- 
less, but  occasionally  give  a  shower  of  rain.  A  shower,  however,  is  a 
secondary  phenomenon,  which  does  not  explain  the  cause  of  the  great 
rain,  day's  rain,  or  cyclone-rain,  caj)able  of  yielding  8  to  10  inches  of 
rain  per  diem. 

To  continue  our  sketch  from  nature,  at  a  considerable  distance  over- 
head we  will  generally,  on  such  a  fine  day,  notice  some  extremely  thin 
and  airy  clouds — the  so-called  mare's-tails,  cirrus,  or  cirro-stratus.    The 
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sky  is  often  suddenly  changed  from  a  perfectly  cloudless  one  to  one  com- 
pletely covered  by  a  thin  layer  ("pallium,"  or  cloak,  as  it  has  been 
called)  of  clouds;  and  records  show  that  not  only  has  it  been  the 
case  with  the  small  part  of  the  sky  we  can  observe  from  one  place,  but 
that  the  sky  has  been  suddenly  covered  by  these  clouds  far  and  wide  for 
thousands  and  thousands  of  square  miles. 

As  to  the  height  at  which  these  clouds  are  found,  I  have  particularly 
asked  Mr.  Glaisher,  who  is  famous  for  his  wonderful  balloon-ascents. 
He  told  me  that  he  had  gone  up  five  and  six  miles,  and  passed  through 
other  clouds,  but  he  never  seemed  to  get  any  nearer  to  the  cirrus-clouds. 
He  even  went  up  seven  miles;  but  then  he  became  senseless  and  unable 
to  observe  anything.  To  estimate  their  height  at  thirty  or  forty  miles 
seems,  therefore,  hardly  to  be  an  exaggeration. 

"What  is  the  cause  of  these  clouds,  and  where  do  they  get  their  sup- 
ply of  vapor  to  keep  them  permanent  often  during  the  Avhole  long  day  in 
the  face  of  the  shining  sun?  As  they  are  strata-like,  and  entirely  differ- 
ent in  their  shape  from  cumulus-clouds,  we  may  feel  certain  that  they  are 
not,  like  the  cumulus-clouds,  caused  by  the  ascent  of  damp  air.  But  if 
their  suj)ply  of  vapor  is  not  to  be  found  below  them,  it  must  be  on  the 
other  side  of  the  strata,  or  above  them.  The  phenomena  of  cirrus- 
clouds  is  therefore  an  unquestionable  proof  of  the  existence  of  a  uniform 
and  far-stretching  layer  of  saturated  air  at  an  exceedingly  high  level. 

Our  table  has  shown  us  clearly  where  the  invisible  vapors  rising  from 
the  ground  must  go  to,  and  the  cirrus-clouds  now  show  us  where  they 
are  stored  uj)  at  a  great  distance  from  the  earth.  Our  only  difficulty 
now  is  to  explain  how  the  vapors  are  brought  down  from  this  high  level 
or  how  they  become  condensed  into  clouds  and  rain.  For  all  we  know, 
a  cyclone  is  a  body  of  surface  air  brought  into  rotary  motion,  and  the 
eflfect  of  this  rotation  is  that  rain  occurs,  if  anywhere,  at  or  toward  the 
center  of  the  rotating  body  of  surface  air,  and  this  takes  place  whether 
the  cyclone  passes  over  the  sea,  over  moist  ground  or  over  dry  land. 
The  centrifugal  force  sweeps  the  surface  air   from  the   center  of   the 


a,  moist  air;  6,  rotating  body  of  surface-air. 
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tjyclone.  The  partial  vacuum  wliich  is  thereby  produced  can  only  be 
filled  up  by  the  descent  of  the  thinner  air  above  the  rotating  body  of 
surface  air.  (See  Fig.  3.)  This  is  by  descending  brought  under  greater 
pressure;  and,  as  the  experiment  referred  to  above  shows  that  con- 
densation or  rain  can  be  produced  by  compression  of  saturated  air,  we 
have  hereby  arrived  at  a  possible  explanation  of  cyclone-rain.  This 
theory  agrees  with  such  a  general  observation  as  that  the  clouds  are  at 
their  lowest  level  when  rain  comes  from  them.     (See  Note  V.) 

In  contradistinction  hereto  the  rising-current  theory  implies  that  the 
rising  current  should  continually  carry  the  clouds  to  higher  levels  dur- 
ing cyclone-rain;  indeed  the  logical  consequence  is  that  during  a  long- 
continued  cyclone-rain  the  sky  should  become  so  obscured  by  accumu- 
lating cumulus-clouds  as  to  change  day  into  night.  Instead  of  that  the 
sky  is  covered  with  a  uniform  layer  of  stratus-clouds,  often  of  a  very 
thin  appearance,  and  permitting  the  sun's  light  to  penetrate.  Under- 
neath the  stratified  rain-clouds  the  process  of  formation  of  cumtilus 
often  takes  place  during  the  rain,  and  this  has  perhaps  given  rise  to  the 
complicated  name  for  rain-clouds:  cirro-cumulo-stratus-clouds;  so  we 
here  meet  this  disturbing  element  once  more. 

Likewise  in  anti-cyclones  over  the  oceans,  where  evidently  a  very 
lively  process  of  rising  currents  of  damp  air  takes  place  during  the  day- 
time, we  should  expect  a  very  considerable  rainfall  to  be  the  rule,  but  it 
never  rains  inside  the  areas  of  anti-cyclones. 

As  rain  is  generally  accompanied  by  low  barometer  it  may  at  first 
sight  seem  strange  that  rain  should  be  produced  by  saturated  air  being 
exposed  to  greater  pressure.  But  if  we  suppose,  as  no  extraordinary 
case,  that  a  layer  of  saturated  air  is  by  the  action  of  the  cyclone  caused 
to  sink  from  an  elevation  of  10  000  feet  to  an  elevation  of  5  000  feet 
from  the  ground,  the  difierence  in  pressure  whereto  this  air  is  exposed 
by  far  exceeds  the  difference  in  barometrical  readings  at  the  earth's  sur- 
face inside  and  outside  the  cyclone. 

The  cyclone  causes  a  hollow  to  be  made  in  the  firmament  or  surface 
air;  into  this  hollow  the  vapors  of  space  are  bound  to  sink  and  l)y  being 
intermixed  with  the  thin  air  form  saturated  air  which  gives  off  rain  by 
becoming  compressed,  and  as  the  supply  of  vapor  of  space  is  practically 
unlimited,  as  will  be  explained  presently,  there  is  so  far  no  limit  to  the 
amount  of  rainfall  as  long  as  the  ejecting  motion  of  the  surface  air 
continues. 
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In  agreement  with  this  compression  theory,  "we  may  explain  the 
prevalence  of  rain  on  the  windward  slope  of  coast  mountains,  or 
mountain-ridges  in  general.  While  rain  falls  at  the  center  of  a 
cyclone,  the  sky  at  some  distance  from  where  the  rain  falls  is  in  a  condi- 
tion not  far  from  giving  off  rain,  and  so  the  extra  ^jressure  brought  to 
bear  iipon  this  saturated  air  by  meeting  an  obstacle,  such  as  a  moun- 
taiu-ridge,  causes  rain  to  set  in.  The  sketch  may  represent  in  section  a 
mountainous  coast,  against  which  the  moisture-laden  clouds  are  driving 
from  out  at  sea.     The  current  of  air,  by  meeting  this  obstacle,  is  caused 


/^/f.^ 


to  rise,  following  something  like  the  course  shown  in  Fig.  4.  At  a  there 
is  always  shelter  during  such  a  gale,  as  for  instance  shown  by  the  sheep 
and  cattle  which  gather  there.  In  other  words,  the  current  rises  to 
its  maximum  height  at  b  above  the  leeward  slope  of  the  mountain.  Con- 
sequently that  is  where,  according  to  the  theory  I  am  opposing,  we 
should  expect  the  greatest  downjDOur;  but  there  is  generally  next  to 
none,  while  the  rain  nearly  all  falls  on  the  front  side  of  the  mountain. 
At  c  the  current  is  forced  out  of  its  horizontal  direction,  but  a  force 
can  only  be  communicated  to  an  elastic  body  like  air  by  comi)ress- 
ing  it.  The  rain  has  therefore  been  caused  by  compression  of  satur- 
ated air. 

Fig.  5  represents  a  section  of  the  atmosphere  of  the  Southern  hemis- 
phere during  the  month  of  July,  the  section  being  made  through  the 
Tropic  of  Capricorn  (see  map  in  my  paper,  "On  the  Cause  of  Trade- 
Winds  ").  The  intersected  parts  of  the  three  Southern  continents  are  at 
that  time  of  the  year  in  a  dried-up  state,  and  the  air-cushions  which  conse- 
quently develop  over  their  surfaces  are  thrown  westward  over  the  oceans. 
The  height  of  the  vapor  atmosphere  over  the  surface  of  the  earth  is  vary- 
ing and  at  its  maximum  in  the  anti-cyclones.  If  we  should  imagine  for 
a  moment  that  there  is   no  surface  evaporation,  or  that  the  earth  is 
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perfectly  dried  xip,  the  air  would  arrange  itself  in  a  uniform  layer  between 
tlie  earth  and  tlie  vai^or  atmosphere  as  a  continuous  air-cushion  or  shell 
of  uniform  thickness,  and  there  could  be  no  possibiHty  of  rainfall.  The 
tendency  of  the  vapor  atmosphere  is  towards  such  a  regular  shape,  but. 


Fig.  5. — Ideal  Section  of  Atmospheke  at  the  Tropic  of  Capeicobn. 

(The  circles  indicate  the  outer  atmosiihere  of  invisible  vapor.) 


this  tendency  is  counteracted  by  the  varying  degree  of  evaporatioi  at 
different  parts  of  the  earth's  surface.  A  strong-  surface-evaporation  has 
the  effect  of  decreasing  the  height  of  the  vapor  atmosphere  over  the 
surface  of  the  earth,  while  little  or  no  surface-evaporation  has  the  oppo- 
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site  effect.*  In  the  space  between  the  anti-cyclones  the  height  of  the 
vapoi'  atmosi^here  over  the  ground  is  comiiaratively  small,  and  it  reaches 
a  minimum  when  (say,  for  instance,  in  the  V-depression  between  two 
anti-cylones)  the  surface  air  is,  by  the  currents  of  oi:)posite  directions 
along  the  borders  of  the  anti-cyclones,  brought  into  rotary  motion,  which 
•drives  the  surface  air  away  from  a  center.  The  vapor  atmosphere  is 
thereby  caused  to  approach  the  earth's  surface,  and  by  thus  descending 
is  brought  under  greater  pressure,  so  as  to  give  off  rain  at  the  center  of 
the  cyclone,  as  explained  above. 

Having,  by  a  simj^le  way  of  reasoning,  arrived  at  the  conclusion  that 
an  atmosphere  of  i:)ure  aqueous  vapor  must  exist  outside  the  atmos- 
phere proper,  we  should  not  feel  justified  in  stopping  without  carrying 
our  idea  out  in  at  least  some  of  its  consequences,  although  the  fol- 
lowing remarks  do  not  concern  our  immediate  subject,  the  cause  of 
rain.  Supposing  there  was  an  outer  limit  to  this  aqueous  atmosphere, 
the  difficulty  which  would  present  itself  is,  that  we  should  find  aqueous 
vaj^or  alongside  of  the  vacuum  of  si^ace.  It  is  well  known  that  when 
moisture  is  brought  into  an  artificially  produced  vacuum,  the  latter  gets 
instantaneously  filled  with  aqueous  vapor.  How  is  this  exi>eriment  to 
agree  with  the  popular  notion  that  vapor,  as  well  as  the  other  constitu- 
ents of  the  atmosphere,  is  kept  within  limits  round  the  earth  by  means 
of  gravitation?  If  the  vapors  of  the  suj^posed  outer  border  of  the 
atmosphere  were  prevented  from  entering  space  owing  to  gravitation, 
how  much  more  would  the  vai:)ors  at  the  bottom  of  an  artificial  vacuum 
be  prevented  from  filling  this  space,  as  the  force  of  gravity  is  much  the 
greater  at  the  earth's  surface  than  at  a  supposed  outer  border  of  the 
•atmosphere?  Surely,  we  must  conclude  that  it  is  impossible  to  imagine 
how  moisture  could  remain  in  the  air  or  on  the  earth's  surface,  unless 
space  were  filled  with  aqueous  vapor.  The  earth's  surface  being  practi- 
cally that  of  a  huge  drop  of  water,  and  this  drop  moving  round  the  sun 
in  a  supposed  vacuum,  how  could  this  moisture  be  prevented  from  escap- 
ing into  space  unless  space  was  filled  with  aqueous  vapor?  The  only 
thing  to  i^revent  such  an  emergency  is  the  thin  veil  of  an  atmosphere; 
but  this,  being  itself  all  permeable  and  permeated  with  aqueous  vapor, 
seems  indeed  a  very  poor  protection. 

*  An  air  column,  as  ab  c,  is  composed  of  a  short  column  of  dry  surface  air,  a  b,  superim- 
posed by  much  moist  air,  6  c.  In  the  column  d  e  f,  the  proportion  between  moist  and  dry 
air  is  reversed  ;  ab  c  shows  low  pressure,  and  d  e  f  high  pressure,  according  to  the  prin- 
■ciple  of  buoyancy  of  vapor. 
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Laplace's  nebular  theory  of  the  evolution  of  the  solar  system  points 
toward  the  same  fact;  for,  if  aqueons  vapor  has  once  been  uniformly 
dispersed  throughout  the  solar  space,  it  follows  of  necessity  that  this 
space  could  not  afterwards  have  become  perfectly  exhausted  of  aqueous 
vapor;  gravitation  toAvard  the  sun  and  the  planets  could  not  establish 
such  a  vacuum. 

If  it  should  be  used  as  an  argument  against  my  theory,  that  we  might 
with  just  as  much  right  expect  to  find  the  other  constituents  of  the 
atmosi^here  dispersed  through  space  in  a  rarefied  state,  then  I  would  say, 
as  has  been  pointed  out  above,  that  these  follow  the  reverse  law  of 
aqueous  vajjor  by  being  contracted  by  cold,  and  that  makes  all  the 
difference. 

But  space  being  all  filled  by  aqueous  vapor,  how  is  it,  we  may  be 
asked,  that  this  fact  has  entirely  escaped  observation?  By  being  situ- 
ated with  their  instruments  in  the  midst  of  it,  the  atmosphere  and  space 
being  all  occujjied  by  aqueous  vapor,  our  observers  are  taken  rather  at  a 
disadvantage.  It  sometimes  happens  that  people  cannot  see  the  forest 
for  trees,  namely,  when  they  are  standing  in  the  denser  part  of  the 
wood. 

The  general  conclusion  I  arrive  at  is,  therefore,  that  the  interplanet- 
ary space  is  filled  with  vapor  in  an  extremely  rarefied  state.  The  sun 
and  each  of  the  planets  is  surrounded  by  a  vapor  atmosphere  of  a 
denser  state,  the  quantity  of  vapor  surrounding  each  of  these  bodies 
depending  upon  its  size  and  its  surface-temperature.  The  sun  will  for 
both  reasons  have  by  far  the  lion's  share  of  such  a  vapor  envelope.  This 
theory  seems  to  agree  perfectly  well  with  the  following  observed  facts : 

1.  The  retardation  suffered  by  the  comet  Encke  indicates  that  this 
comet,  when  nearest  to  the  sun  (that  is,  at  a  distance  from  the  sun  about 
that  of  Mercury),  passes  through  a  medium  of  a  certain  resistance. 

2.  The  present  condition  of  the  surfaces  of  the  four  inner  planets 
varies  according  to  their  distances  from  the  sun,  or  what  is  likely  to  be 
in  projiortion  thereto,  their  surface-temperatures.  On  Mars  we  find 
more  laud  than  water  surface,  and  a  clear  sky.  The  conditions  on  the 
earth  in  this  respect  nee.l  not  be  repeated  here.  As  to  Yenus  and  Mer- 
cury, they  jiossess  an  atmosphere  of  great  density;  and,  as  they  are 
constantly  covered  by  clouds,  we  have  no  means  of  ascertaining  the 
projjortion  between  land  and  sea  surface,  but  their  clouded  state  seems 
to   indicate  that  they  must  be  entirely  or  almost  entirely  covered  by 
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water.  These  varying  conditions  seem  to  indicate  that  the  planets  are 
gradually  approaching  a  state  of  being  dried  up,  or  that  their  waters 
and  vapor  envelojie  are  gradually  leaving  them;  and  the  conditions  on 
the  moon  indicate  that  this  state  will  have  been  reached  when  they 
have  become  extinct  planets. 

3.  The  moon  being  an  integral  portion  of  the  earth,  there  can  be  no 
doubt  biit  it  must  once  have  possessed  surface  waters  and  a  vapor 
envelope  in  proportion  to  its  size.  It  is  now  an  extinct  planet,  and  its 
surface  is  void  of  waters.  What  has  become  of  this  water,  unless  it  has 
passed  into  sjDace? 

We  have  hereby  gained  a  fresh  point  of  view,  from  which  it  may  be 
worth  our  while  to  reconsider  the  former,  present  and  future  conditions 
on  the  earth.  Geologists  have  come  to  the  conclusion  that  at  the  time  of 
the  coal  period  there  must  have  been  much  less  land  surface  than  now, 
and  that  the  atmosphere  must  have  been  much  warmer  and  moister  than 
it  is  now.  The  land  may,  of  course,  gradually  have  emerged  from  out 
the  seas  since  then,  the  quantity  of  water  on  the  earth  remaining  con- 
stant; but  it  seems  exceedingly  more  natural  to  suppose  that  the  earth 
contained  much  more  water  during  the  coal  period  than  it  now  contains. 
When,  therefore,  we  nowadays  find  ancient  sea-beds  in  the  highest  of 
motintain-ridges,  we  need  not  feel  so  sure  that  these  have  risen  to  their 
present  elevated  position  from  under  the  present  level  of  the  sea,  as 
probably  the  sea  level  was  formerly  quite  different  from  what  it  is  now. 

Mathematicians  have  at  various  times  attempted  to  determine  the 
outer  limit  of  the  atmos^jhere  by  calculating  at  what  distance  from  the 
earth  there  would  be  equilibrium  between  the  centripetal  and  the  cen- 
trifugal forces  acting  upon  the  smallest  particle  of  air,  thereby  arriving 
at  results  varying  from  fifty  to  two  hundred  miles,  the  difficult  jDoint 
being  how  to  determine  the  actual  mass  and  density  of  the  particles  of 
air.  Other  philosophers  have  seen  the  absurdity  of  imagining  the 
situation  of  an  air-particle  in  a  state  of  uncertainty  as  to  whether  to 
remain  with  the  earth  or  go  off  at  a  tangent,  and  therefore  have 
concluded  that  the  atmosphere  is  practically  unlimited.  Another 
series  of  considerations,  based  upon  oj^tical  observations,  has  led  to 
the  conclusion  that  outside  the  atmosphere  of  air,  which  may  be 
estimated  at  forty  or  fifty  miles,  must  exist  an  atmosphere  exceed- 
ingly thinner  than  air.     These  various  theories  are  brought  into  perfect 
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agreement,  and  the  absurdities  are  avoided,  by  assuming  my  theory  of 
an  outer  atmosphere  of  vapor  which  is  unlimited. 

It  is  truly  said  that  there  is  nothing  new  under  the  sun,  and  we 
might  therefore  expect  to  find  that  my  definition  of  the  atmosphere  is 
merely  a  reiDetition  of  what  has  been  said  at  former  times.  In  his 
excellently  written  book,  Mr.  Scott  points  out  that  the  old  Biblical 
Scrii^tures,  particularly  the  Book  of  Job,  contain  many  a  sound  reason- 
ing on  the  atmosi^here  which  holds  good  to  this  very  day.  Not  having 
found  the  information  I  wanted  in  modern  works  on  this  subject,  I  took 
the  hint  and  looked  up  these  ancient  sayings,  until  I  came  to  a  isassage 
by  Moses  which  made  me  pause.  Perhaps  an  Ingersoll  may  some  day 
point  out  some  serious  mistakes  in  my  argument  or  in  the  figures  I  have 
produced  to  support  it,  but  at  present  it  seems  rather  as  if  Moses 
managed  to  give  us  a  pretty  clear  definition  of  the  atmosphere  when  he 
wrote:  "And  God  said.  Let  there  be  a  firmament  [Hebrew,  "  exjDan- 
sion  "]  in  the  midst  of  the  waters;  and  let  it  divide  the  waters  from  the 
waters.  And  God  made  the  firmament,  and  divided  the  waters  which 
were  under  the  firmament  from  the  waters  which  were  above  the  firma- 
ment: and  it  was  so." 

The  coincidence  between  this  observation  of  Moses  and  the  result  I 
have  arrived  at  may,  perhaps,  in  our  advanced  age,  be  considered  merely 
as  a  curiosity;  but,  considered  as  a  purely  objective  and  iDerfectly  un- 
biased view  of  the  matter,  it  seems  to  me  to  afford  some  further  interest. 
Moses  could  not  argue  much  on  atmospheric  subjects,  as  he  had  no 
natural  sciences  to  guide  him,  but  neither  could  they  lead  him  astray. 
His  knowledge  of  air  was  very  limited.  He  did  not  know  that  it  exerts 
a  pressure  of  14  pounds  per  square  inch,  and  that  this  pressure 
grew  much  less  when  he  went  on  to  Mount  Sinai  to  write  the  Command- 
ments; and  neither  could  he  have  any  knowledge  of  the  existence  of 
invisible  vapor.  But  when  he  walked  about  in  the  desert  for  forty  years 
under  a  generally  serene  blue  sky,  and  on  rare  occasions  saw  a  cyclone 
set  in,  then  he  would  observe  this  phenomenon  exactly  as  Mr.  Scott 
describes  it  nowadays:  "He  saw  the  thin  cirro-clouds  overhead  gradu- 
ally change  in  stratus,  and  these  gradually  growing  further  condensed 
and  sink  to  a  lower  level,  until  rain  ultimately  set  in."  He  saw  the 
clouds  and  rain  being  formed  on  the  spot,  and  could  have  no  suspicion 
of  their  being  caused  by  vapors  rising  out  of  the  dry  sand  of  the  desert; 
and  so  he  wrote  faithfully  according  to  what  he  saw.     Although,  there- 
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fore,  no  doiTbt,  there  are  more  things  between  heaven  and  earth  than 
was  dreamt  of  in  the  philosophy  of  Moses,  when  he  tells  us  that  there 
is  a  firmament  between  heaven  and  earth,  dividing  the  waters  from  the 
waters,  the  time  may  perhaps  not  be  far  distant  when  we  shall  all  agree 
with  him  on  that  particular  point. 


Note  I. — The  trouble  with  this  experiment  has  always  been  that  by 
compressing  the  saturated  air  the  condensation  of  moisture  is  partly 
due  to  contact  between  the  cold  inner  surface  of  the  glass  cylinder, 
which  continues  at  the  air  temperature,  and  the  compressed  air,  which 
by  compression  obtains  a  higher  temperature.  Many  people  are  apt  to 
conclude  from  this  that  the  condensation  is  entirely  due  to  this  circum- 
stance, particularly  so,  j^erhaps,  as  saturated  aqueous  vapor  or  steam  is 
not  liquefied  by  compression.  But  there  is  a  great  difference  between 
saturated  air  and  saturated  aqueous  vapor,  and  it  really  seems  a  pity  if 
it  some  day  should  aj^pear  that  meteorologists  have  come  to  grief  by 
making  an  unsafe  or  erroneous  deduction  from  Regnault's  experiments 
on  saturated  vapor  instead  of  examining  saturated  air  for  themselves. 
As  the  proper  study  of  mankind  is  man,  so  it  would  appear  that  the 
proper  study  of  the  atmosphere  is  air  and  not  vapor  or  ether  or  any 
other  entirely  different  substance. 


To   Aii^-p(/p^ p 


Fig.  6. 


Although  now  it  undoubtedly  follows  from  the  experiment  that  con- 
densation takes  place  by  compression  of  saturated  air,  because  it  shows 
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that  expansion  lias  decidedly  the  opposite  effect,  I  may  recommend  the 
following  experiment  to  those  who  doubt  until  they  see  for  themselves. 

A  strong  glass  cylinder,  A,  with  air-tight  fitting  top  and  bottom,  is  in 
connection  with  an  air-i)ump  capable  of  conveying  a  pressure  of  two  or 
three  atmosj^heres  to  the  interior  of  the  glass  cylinder.  In  A  is 
suspended  a  vessel,  B,  of  as  thin  glass  as  it  is  possible  to  make  it,  and  to 
the  edge  of  B  is  fastened  a  cover  of  thin  India-rubber  or  other  suitable 
material,  the  volume  of  air  contained  in  this  cover  being  about  equal  to 
that  contained  in  B.  The  air  within  B  is  kept  in  a  state  of  saturation 
by  applying  a  little  moisture  to  the  inside  of  the  India-rubber,  and  to 
secure  that  this  air  is  actually  saturated  at  the  commencement  of  the 
experiment,  it  may  be  as  well  just  before  jslacing  B  in  its  j)osition  to 
raise  its  temperature  a  few  degrees,  as  then,  Avhile  it  cools  down  wheu 
hung  up  in  -fl,  a  small  quantity  of  dew  will  be  deposited  on  the  inside 
of  the  vessel,  B,  just  enough  to  show  that  this  air  is  saturated. 

As  now  the  temj^eratures  in  A  and  B  are  exactly  the  same,  they  will 
practically  remain  equal  to  each  other  while  air  is  pumped  into  A,  as 
the  increase  of  pressure  in  both  vessels  is  exactly  the  same,  and  as  B  can 
be  made  of  as  thin  glass  as  possible,  it  having  absolutely  no  ditference 
in  pressure  to  withstand,  it  is  secured  that  its  temperature  is  gently 
raised  by  the  temperature  of  the  air  surrounding  it  on  both  sides  being 
gently  raised.  Any  mist  formed  or  dew  deposited  within  B  must 
therefore  be  owing  to  the  comjDression  of  the  saturated  air  it  contains. 

To  prevent  any  dew  being  deposited  on  the  inside  of  A  so  as  to  ob- 
scure the  view  of  B,  the  air  in  the  vessel.  A,  is  kept  dry  by  some  moisture- 
absorbing  material,  such  as  chlorate  of  lime,  being  placed  at  the  bottom 
of  ^. 

I  have  enlarged  on  this  subject  because  the  peculiar  notion  has  found 
favor  in  certain  quarters  that  a  body  of  air  should  become  drier  by  de- 
scending in  the  atmosphere,  and  consequently  be  the  cause  of  the  dry- 
ness of  the  air  in  high  pressures.  But  no  engineer  who  takes  the  map 
in  my  paper  "  On  the  Cause  of  Trade-Winds  "  in  hand,  will  for  a 
moment  doubt  that  the  general  circulation  of  the  surface  air  which 
takes  place  over  such  an  extensive  area  as  that  covered  by  the  north 
Atlantic  anti-cyclone  is  that  of  a  horizontal  current  of  air,  as  horizontal 
as  the  surface  of  the  land  and  sea  over  which  it  passes  will  allow 
it  to  be. 

XoTE  II. — On  page  191  of  Prof.  Laugley's  pajjer  is  a  table  showing  the 
results  obtained  by  measuring  the  altitude  between  sea-level  and  Lone 
Pine,  Mount  Whitney.  Of  these  forty  measurements,  I  have  in  the  fol- 
lowing table  given  the  ten  highest  (upper  half  of  table)  and  the  ten 
lowest  (lower  half),  arranged  according  to  the  height. 

Alongside  of  each  of  these  figures  will  be  found  a  number  represent- 
ing the  weight  of  vapor  per  unit  of  volume  contained  in  the  atmosphere 
at  the  time  of  observation.     These  latter  numbers  are  obtained  by  multi- 
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Table  of  Bakometeic  Measurements  of  Altitude  between  Sea-Level 
AND  Lone  Pine,  Mount  "Whitney. 


Time  of 

Weight  of 

At  Lone  Pine. 

Besults  in 

Vaoor  in 

Observation, 
1881. 

Feet. 

Inches  of 
Mercury. 

Relative 
Humidity. 

Temperature. 
Fahr.* 

Wind. 

August  26th,  noon. . . 

4  140 

0.1354 

10.3 

87.8  degrees. 

Brisk. 

August  26tb,  9  P.M.... 

4  030 

0.1823 

28.8 

65.7 

Fresh. 

September  3cl,  noon. . 

4  020 

O.IOGO 

8.7 

85.4 

Gale. 

August  SOtb,  noon. . . 

3  960 

0.1627 

15.6 

80.6 

Fresh. 

August  2.5tb.  noon 

3  940 

0.2081 

18.1 

83.6 

Fresh. 

September  ad,  9  p.m.  . 

3  940 

0.0960 

13.5 

69.1 

Brisk. 

August  24tb,  noon.. . . 

3*40 

0.2158 

10.0 

88.6 

Fresh. 

August  17th,  noon 

3  920 

0.1782 

14.9 

84.6 

Brisk. 

September  2d.  noon. . 

3  920 

0.1302 

9.9 

87.8 

Brisk. 

August  21th,  9  p.M 

3  915 

0.1931 

29.0 

67.2 

Brisk. 

August  20tb,  9  P.M.... 

3  820 

0.2787 

35.5 

72.0 

Gentle. 

August  19tb,  noon.... 

3  820 

0.2615 

17.8 

91.3 

Gentle. 

August  23d,  9  p.M 

3  81.5 

0.2.508 

38.3 

66.7 

Fresh. 

August  IHth,  9  P.M...  . 

3  800 

0.3114 

78.0 

54.7 

Gentle. 

August  31st,  9  p.M 

3  790 

0.2190 

45.7 

57.6 

Calm. 

August  30tb.  9  P.M... 

3  790 

0.2352 

63.1 

.55.6 

Calm. 

August  27tb,  9  P.M. . . 

3  760 

0.2543 

68.0 

51.0         " 

Calm. 

August  21st,  9  p.M 

3  760 

0.30,i4 

38.4 

72.2 

Brisk. 

August  22d.  9  p.M 

3  750 

0.3232 

70.1 

56.7 

Fresh. 

August  19th.  9  p.M 

3  710 

0.3405 

71.5 

57.6 

Gentle. 

September  7th,  9  p.m. 
September  6th,  9  p.m. 

3  625 
3  620 

I  no  record. 

Calm. 
Calm. 

*  The  ten  highest  give  an  average  of  80  degrees  Fahr.;  the  ten  lowest,  63  degrees  Fahr. 


plying  the  relative  liiimidity  at  Lone  Pine  (see  table  in  Langley,  page 
177)  by  the  elastic  force  of  .vapor  (Glaisher's  tables). 

The  difference  between  the  maximum  and  minimum  result  is  520  feet, 
or  14  per  cent,  of  the  trigouometrically  surveyed  height,  3  7G0  feet.  This 
latter  number  was  obtained  by  the  engineers  who  built  the  railroad  pass- 
ing Lone  Pine.  Langley 's  party  wrote  to  the  engineers  for  this  infor- 
mation, and  awaited  their  reply  with  considerable  anxiety. 

Prom  the  table  it  will  be  noticed  that  the  amount  of  vapor  in  the 
atmosphere  was  considerably  less  when  the  ten  highest  results  were  ob- 
tained than  when  the  ten  lowest  were  obtained;  and,  as  perhaps  may  be 
better  illustrated  by  the  accompanying  diagram  (Fig.  1),  there  appears 
to  be  an  unmistakable  relation  between  the  measured  heights  and  the 
humidity  of  the  atmosphere.  The  heights  are  here  placed  at  distances 
from  the  vertical  line  to  the  left  proportional  to  the  amount  of  vajDor  in 
the  air,  and  the  line,  a  b,  shows  the  general  tendency  of  the  figures.  That 
these  do  not  follow  the  line,  a  b,  more  closely,  may  be  accounted  for  by 
the  humidity  of  the  air  having  been  measured  only  at  one  end  of  the  air- 
column,  namely,  at  Lone  Pine.  Besides,  the  method  of  determining 
the  relative  humidity  by  dry  and  wet  bulb  thermometers  is  highly  un- 
satisfactory, the  results  being  very  much  affected  by  the  rate  at  which 
the  wind  carries  the  air  across  the  wet  bulb.     To  secure  at  all  reliable 
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results  the  tliermometers  ought  to  be  perfectly  enclosed  in  a  chamber, 
through  which  the  outer  air  is  caused  to  pass  at  a  perfectly  uniform  rate, 
for  instance,  by  means  of  a  pump,  there  being  wind  or  no  wind. 

"We  may,  however,  trace  another  coincidence  in  our  table.  It  will 
be  noticed  that  the  ten  highest  results  are  generally  from  observations 
taken  at  noon,  when  the  thermometers  showed  a  relatively  high  tem- 
perature, while  the  ten  lowest  results  are  all  (except  one)  from  observa- 
tions taken  at  9  p.m.,  when  the  temperature  was  con8ideral)ly  less.  This 
is  only  what  we  might  have  expected,  and  shows  that  the  buoyancy  or 
tending  upwards  of  the  vapors  in  the  atmosphere  is  considerably  greater 
at  a  lower  temperature  than  at  a  higher,  as  will  be  explained  in  the  text. 

Professor  Langley's  observations  give  results  corresponding  to  those 
I  obtained  at  Rouen,  and  the  relations  here  pointed  out  may  be  traced 
in  numerous  works  from  ancient  and  modern  times,  though  perhaps  not 
in  all.  However,  it  should  be  remembered  that  it  is  not  so  much  my 
present  purpose  to  show  how  the  measurement  of  altitudes  by  means  of 
barometers  may  be  carried  out  with  greater  accuracy  than  hitherto  (this 
method  being  highly  unsatisfactory  for  obvious  reasons)  as  to  show  that 
the  hidden  agencies  which  are  at  work  in  the  atmosphere,  and  without 
assuming  which  the  whole  atmospheric  problem  remains  unsolved,  may 
be  distinctly  traced  in  the  observations  carried  out  by  others.  Surely 
we  must  expect  to  find  the  secrets  well  concealed,  or  they  would  have 
been  demonstrated  ages  ago;  but  here,  as  elsewhere,  it  is  the  instances 
when  "the  sky  is  unobscured  by  clouds,"  to  use  a  figure  of  siseech, 
which  we  must  select  to  make  our  observations,  and  Langley's  table  is 
such  an  instance.  The  objection  might  be  raised  against  my  utilizing 
Langley's  figures  in  the  way  I  have  done,  that  his  principal  object 
was  not  to  determine  the  height  of  Lone  Pine  above  sea  level,  and  that 
the  horizontal  distance  between  the  two  places  of  observation  is  sa 
great,  160  miles,  that  no  close  determination  of  this  height  was  to  be  ex- 
pected. This  I  quite  admit,  but  this  does  not  account  for  the  close 
connection,  which  I  have  pointed  out  to  exist  between  his  results  as  to 
height  and  the  amount  of  moisture  in  the  air. 

In  Williamson's  work,  "  On  the  Use  of  the  Barometer,"  and  in  all 
previous  works  on  the  subject,  the  effect  of  aqueous  vapor  in  the  air  is 
estimated  to  imi)art  additional  weight  to  the  air-column.  Of  late  years 
this  plan  appears  to  have  been  abandoned  as  not  quite  reliable,  and  as 
Professor  Langley,  in  his  measurements  of  mountain-heights,  here  re- 
ferred to,  leaves  the  factor  due  to  vapor  in  the  air  quite  out  of  considera- 
tion in  calculating  the  weight  of  the  air-column,  his  table  becomes  par- 
ticularly suitable  to  demonstrate  that  the  actual  eifect  of  the  vapor  in 
the  air  is  to  make  the  air-column  lighter  than  the  corresponding  column 
of  dry  air. 

Note  III. — As  the  principle  here  involved  appears  new  to  me,  it  may 
require  some  further  explanation.     If  we  fill  a  U-tube  with  a  fluid  and 
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keep  a  lighter  body  submerged  in  one  of  its  brandies,  the  fluid  will 
stand  at  the  level  in  both  branches  as  long  as  the  submerged  body  is  at 
rest ;  but  the  situation  becomes  different  when  the  body  is  in  motion 
or  allowed  to  move  upwards  by  being  set  free.  What  then  takes  jjlace 
may  best  be  illustrated  by  the  following  experiment:  We  fill  the  U-tube 
with  an  effervescent  fluid,  such  as  soda  water  or  champagne,  and  notice 
that  it  stands  at  the  same  level  in  both  branches  after  having  settled 
down.  If  we  then  gently  stir  the  fluid  in  one  branch  so  as  to  cause 
effervescence  to  take  place  there,  we  notice  that  while  air  bubbles  are 
moving  uj) wards  through  the  fluid  of  this  branch,  the  fluid  in  the  other 
undisturbed  branch  sinks  to  a  lower  level.  We  learn,  herefrom,  that 
the  pressure  at  the  bottom  of  the  U-tube  has  become  less,  and  this  dimi- 
nution in  pressure  can  only  be  due  to  the  friction  between  the  air  bub- 
bles and  the  fluid  through  which  they  pass  upwards. 

It  was  by  considering  the  diurnal  oscillation  of  the  barometer,  that  it 
first  occurred  to  me  that  the  action  of  vapor  particles  rising  through  the 
atmosphere  must  have  a  similar  effect  to  that  of  air  particles  rising 
in  the  U-tube;  and  we  may  now  proceed  to  show  that  this  extraordinary 
phenomenon  is  easily  explained  by  applying  that  principle. 

In  a  letter  to  the  Editor  of  Engineering,  January  11th,  1889,  the 
writer  said  : 

"The  Diurnal  Variation  of  Pressure,"  says  the  Hon.  Mr.  Aber- 
cromby,  on  page  310  of  his  recently  published  work,  "Weather,"  "  has 
two  minima  at  4  a.m.  and  4  p.m.,  and  two  maxima  at  10  a.m.  and  10  p.m. 
respectively.  The  single  diurnal  variations  are  undoubtedly  due  to  the 
direct  influence  of  the  sun's  heat;  but  the  question  how  an  influence  such 
as  that  which  runs  its  course  only  once  in  the  twenty-four  hours  can  in- 
duce a  variation  which  has  a  semi-diurnal  period,  has,  up  to  the  present 
time,  baflied  the  skill  of  meteorologists.  It  is,  however,  perfectly  certain 
that  no  one  is  the  cause  of  the  others;  all  are  equally  the  products  of  the 
same  influence,  and  no  comprehensive  theory  of  diurnal  variations  will 
ever  be  complete  which  does  not  explain  and  correlate  all  together," 

It  is  the  jDurpose  of  the  following  lines  to  demonstrate  that  the  com- 
bined effect  of  daily  ui^take  of  moisture  and  expansion  by  the  sun's  heat 
must  necessarily  produce  a  semi-diurnal  oscillation  and  no  other. 

For  the  sake  of  simplicity  we  may  assume  that  the  surface  evapora- 
tion only  takes  place  from  the  time  the  sun  rises  till  it  sets,  and  to  be 
quite  sure  of  this  we  may  take  before  us  the  case  of  dew  being  deposited 
during  the  night,  as  it  is  pretty  clear  that  evaporation  and  condensation 
of  moisture  cannot  take  place  simultaneously  from  the  same  surface. 

The  surface  air  becomes  expanded  by  the  sun's  heat,  and  by  the  vapor 
it  absorbs.  If  a  body  is  lighter  than  a  fluid  in  which  it  is  submerged,  it 
will  tend  uj^wards  with  a  force  or  pressure  equal  to  the  difference  be- 
tween the  weight  of  the  fluid  it  has  replaced  and  its  own  weight,  and  if 
it  is  allowed  to  rise  through  the  fluid  it  will  exert  a  pressure  against  the 
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incumbent  fluid  equal  to  its  force,  or  what  comes  to  the  same,  it  will, 
while  rising,  carry  a  part  of  the  weight  of  the  fluid  al)Ove  it.  If  we  apply 
this  rule  to  the  present  instance  of  expanded  surface  air  submerged  in 
an  atmosphere,  it  will  be  seen  that  this  air,  while  rising  through  the 
atmosphere,  will  carry  a  jsart  of  the  weight  of  the  atmosphere,  and  how 
much  it  carries  is  shown  bv  the  falling  of  the  barometer. 


:  b  ' 


Fig.  7. 


This  falling  is  represented  in  Fig.  7,  l)y  the  curve  a,  b,  c,  the  line  d, 
e,  being  mean  pressure.  This  curve  commences  at  sunrise,  and  ends 
some  hours  after  sunset,  when  the  latest  expanded  air  ceases  to  rise  after 
having  found  its  place  of  equilibrium,  namely,  when  the  specific  gravity 
of  the  surrounding  air  is  equal  to  its  own. 

The  vapors  imparted  to  the  atmosphere  have,  however,  a  certain 
weight,  and  this  weight  will  assert  itself  as  increase  of  pressure  when  the 
vapor  particles  cease  to  rise.  The  curve  /,  g,  h,  i,  represents  this  in- 
crease of  pressure  on  the  barometer.  It  commences  several  hours  after 
sunrise,  when  the  first  of  the  rising  vajjor  particles  have  arrived  at  their 
place  of  rest,  and  reaches  its  maxima  where  the  curve  a,  b,  c,  ends. 
From  this  point  the  curve  is  gradually  descending  until  sunrise  as  the 
uptake  of  vapor  in  the  atmosphere  is  constantly  given  off  by  rainfall, 
so  during  the  night,  when  no  fresh  supply  is  received,  the  pressure 
caused  by  vajjor  must  be  constantly  sinking.  At  sunrise  the  atmosphere 
is  in  a  state  of  equilibrium  as  far  as  the  disturbing  influences  of  the 
sun  is  concerned ;  then  when  the  exi^ansion  by  heat  and  by  vapor  causes 
an  extra  volume  to  be  introduced  along  the  earth's  surface,  the  surface 
air  must  be  pushed  upwards  to  give  room  for  this  fresh  body  of  air. 
The  new  body  of  air  forms  a  pressure  center,  and  the  pressure  it  exerts 
against  the  incumbent  air  is  exactly  equal  to  the  increase  of  pressure  at 
the  earth's  surface.  The  first  efi"ect  caused  by  the  expansion  is,  therefore, 
increase  of  pressui'e  at  the  earth's  surface,  and  this  increase  of  i)res8ure 
reaches  its  maximum  when  the  development  of  air  body  per  hour  is  at 
its  greatest.  Afterwards,  when  circulation  has  properly  set  in,  the 
vohime  of  air  rising  equalizes  the  volume  developed  during  a  given 
period  of  time,  and  this  increase  of  pressure  is  no  longer  felt.  The 
curve  /,  m,  n,  reijresents  the  efl'ect  on  the  barometer  of  this  ijressure. 

If  we  now  combine  these  three  curves  we  get  a  resultant  curve  as 
shown  in  Fig.  8;  this  curve  has  two  maxima  and  two  minima,  and  they 


sag 


VELSCHOW   ON   CAUSE   OF   RAIN". 


occur  at  the  same  hours  as  those  of  the  diurnal  oscillation  of  the 
barometer.  Whether  other  factors,  such  as  the  rotary  motion  of  the 
earth,  may  have  a  modifying  effect  on  the  oscillation,  others  may  be 
able  to  prove,  but  I  think  it  has  now  been  demonstrated  that  the  eflfect 
of  the  sun's  heat  would  by  itself  be  able  to  produce  an  oscillation  very 
similar  to  the  one  we  find,  and  that  consequently  these  other  factors  can- 
not have  any  great  influence  unless  they  work  together  with  the  sun. 


/Optn. 


lOam. 


When  the  earth  is  covered  by  a  dense  layer  of  clouds  the  upper  sur- 
face of  this  layer  practically  becomes  the  earth's  surface,  and  the  expan- 
sion caused  by  the  sun  then  goes  on  there.  The  general  run  of  the 
diurnal  oscillation  of  a  barometer  placed  underneath  the  clouds  wiU 
therefore  remain  unaltered.  On  the  other  hand,  it  will  be  obvious  that 
the  oscillations  are  likely  to  be  different,  at  least  as  to  time,  if  not  also 
in  shape,  at  the  top  and  the  base  of  a  high  mountain,  and  unless  this 
difference  is  taken  properly  into  account  the  measurement  of  a  mountain 
by  means  of  barometers  cannot  be  expected  to  be  perfectly  reliable. 

We  have  here  explained  the  diurnal  range  of  pressure  as  being^ 
mainly  the  effect  of  the  daily  uptake  of  vapor,  and  it  may  therefore  be 
•worth  noticing  that  it  changes  in  intensity  with  the  degree  of  surface 
evaporation.  It  is  greatest  in  the  tropics,  and  dwindles  into  a  mere 
nothing  toward  the  poles.  It  is  greater  at  the  coast  of  large  continents 
than  far  inland  where  the  land  is  more  or  less  dried  up,  but  increases 
when  we,  from  the  central  part  of  North  America,  approach  the  large 
Canadian  lakes.  ^ 

Note  IV. — This  explains  why  meteorologists  of  the  mathematical 
school  have  not  been  able  to  bring  the  atmospheric  movements  to  agree 
with  their  calculations.  They  start  from  the  supposition  that  centers  of 
high  pressure  are  due  to  a  greater  quantity  of  air  being  accumulated  over 
these  areas  than  elsewhere,  and  that  consequently  the  air  to  re-establish 
equilibrium  will  tend  to  move  outwards  in  all  directions  from  the  center, 
but  we  see  now  that  the  principal  cause  of  the  pressure  being  high  is 
that  the  air-column  overhead  contains  less  moisture  than  outside  the 
high  pressure,  and  that  this  moisture  while  moving  upwards  through 
the  air  acts  as  a  negative  weight.  Under  these  circumstances  it  may  ap- 
pear less  surprising  that  the  anti-cyclones  dealt  with  in  my  paper  on 
"  Trade-Winds  "  can  remain  permanent  nearly  all  the  year  round,  instead 
of  spreading  far  and  wide  in  a  short  measure  of  time. 
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Note  Y. — The  nomenclature  of  clouds  being  a  question  which  of  late 
years  has  provoked  considerable  dispute,  it  seems  to  me  that,  according 
to  my  explanations  of  the  general  atmospheric  arrangements,  clouds 
might  more  properly  be  grouped  according  to  their  course  or  origin, 
rather  than  entirely  according  to  their  appearance,  which  is  so  varying 
and  decei^tive.  We  find  thus  two  distinct  groups  of  clouds;  namely, 
what  we  may  call  "  evaporation  clouds  "  and  "  condensation  clouds." 

Evaporation  clouds  are  cumulus-clouds  in  shape.  They  are  formed 
by  mixture  at  the  summit  of  a  current  of  damp  air  arising  from  the 
ground.  They  are  unstable  and  merely  indicate  a  stage  in  the  upward 
passage  of  vapoi'S.  They  are  essentially  rainless  clouds,  and  found  in 
the  expansion  or  cushion  of  unsaturated  air.  They  have  their  supply 
of  vapor  from  below. 

Condensation  clouds  are  stratified  clouds,  cirrus  and  stratus.  They 
are  formed  by  condensation  by  compression  at  the  lower  limit  of  the 
outer  atmosphere  of  vapor.  They  are  essentially  rain-clouds,  or  those 
from  which  the  great  rain  ultimately  comes.  They  have  their  supply 
of  vapor  ^above  them. 
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CONSTRUCTION  AND  MAINTENANCE  OF  TRACK. 


JuiiiEN  A.  HALii,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


There  has  been  so  much  written,  aud  by  so  many  authorities,  on  the 
subject  of  track,  that  it  is  with  much  hesitation  that  I  endeavor  to  add  to 
this  store  of  information,  but  I  have  collected  a  few  facts  from  my  own 
and  others'  experience,  and  hope  that  the  following  pages  which  con- 
tain them  will  present  a  few  points  which  may  be  of  interest  to  some,  if 
not  to  all,  of  our  members. 

The  roadbed  should  first  be  considered,  and  the  cuts  (Fig.  1)  for  a 
single-track  standard-gauge  road  should,  in  ordinary  earth,  be  taken 
out  18  feet  wide  at  the  base,  sloping  from  either  side  one  foot  horizontal 
•for  each  foot  vertical.  This  slope  is,  of  course,  more  expensive  than  a 
less  one,  but  it  is  more  economical  in  the  long  run  to  use  the  one  to  one 
slope,  as  the  cost  is  usually  less  to  take  out  the  material  while  the 
grading  is  in  progress  than  to  do  it  afterwards,  with  work  trains  and 
section  gangs.  In  rock  cuts  the  width  of  the  roadbed  may  be  reduced 
to  16  feet,  and  the  slopes  to  a  half  or  quarter  to  one,  but  care  should  be 
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taken  tliat  there  is  no  projection  from  the  side  of  the  cut  further  than 
to  a  jjoint  not  less  than  3  feet  from  all  passing  trains. 

Where  borrow  pits  are  made,  they  should  never  be  taken  out  below 
grade  of  cut  in  such  a  manner  as  to  allow  for  the  formation  of  pools  of 
stagnant  water,  and  in  order  that  this  end  may  be  more  readily  attained, 
the  engineer  in  charge  should  always  stake  out  the  borrow  pit,  take 
elevations  over  it,  and  direct  the  contractor  fully  and  clearly  in  regard 
to  it,  and  if  this  is  done  it  is  not  probable  that  the  trouble  indicated  will 
occur. 

Good  drainage  is  absolutely  necessary  for  good  track,  and  great  care 
is  always  reqiiired  to  obtain  this.  The  center  of  the  ciit  should  always 
be  higher,  by  not  less  than  8  inches,  than  the  bottoms  of  the  ditches  on 
either  side,  and  the  lateral  slopes  of  the  roadbed  should  extend  regu- 
larly to  the  sides  of  the  cut,  their  intersection  with  the  lines  of  same 
being  the  lowest  point  in  any  section  of  the  roadbed,  thereby  relieving 
the  roadbed  to  a  great  extent  from  any  cutting  that  may  occur  from 
flow  of  water,  and  concentrating  the  larger  part  of  this  action  on  the 
lower  edge  of  the  cut.  If  the  cut  is  through  sloping  ground,  one 
side  of  it  will  be  exposed  to  watershed  from  the  ground  above  it, 
and  in  order  to  prevent  this  water  from  tumbling  over  into  the  cut  a 
ditch  should  be  dug  about  3  feet  from  the  upper  edge  of  the  highest 
side  of  the  cut,  which  ditch  should  be  of  sufficient  capacity  to  carry  off 
to  the  nearest  water-courses  all  of  the  water  likely  to  be  shed  into  it. 
In  digging  the  ditch  the  material  should  be  thrown  on  the  side  next  to 
the  cut,  thereby  making  a  dam,  which  in  the  case  of  unusually  high 
water  would  be  useful. 

Wet  Cuts. — If  a  cut  is  dry  in  dry  weather,  keeping  the  ditches  clear 
of  the  earth  which  sloughs  off  of  the  sides  will  usually  be  all-sufficient 
to  insure  free  passage  for  water  falling  on  roadbed  and  on  sides  of  cut, 
but  if  the  cut  is  always  wet  and  sj)ringy,  other  methods  of  getting  rid 
of  the  water  will  have  to  be  used.  Deep  ditches  for  this  will  generally 
be  found  ineffectual,  as  this,  in  conjunction  with  the  ditches  at  the  top 
of  the  cut,  will  sometimes  cause  heavy  slides  from  the  sides  of  the  cut, 
which  often  extend  entirely  across  the  track  and  cause  accident  unless 
discovered  in  time  to  prevent.  A  very  satisfactory  w^ay  to  relieve  wet 
cuts  is  to  lay  one  or  more  lines,  as  may  be  necessary,  of  circular  terra 
cotta  pipe,  about  3  feet  below  the  bottoms  of  the  ditches,  or  deeper 
if  necessary,  to  get  below  the  line  of  frost,  and  this  pipe  should  be  of 
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sufficient  capacity  to  carry  ofif  the  water  to  be  gotten  rid  of.  The  longi- 
tudinal sections  of  the  pipe  should  be  as  short  as  practicable,  thereby 
increasing  the  number  of  joints,  which  should  be  left  open,  and  through 
which  the  water  will  readily  percolate,  after  which  the  cut  will  generally 
be  found  well  drained  and  a  good  track  can  be  maintained  therein.  But 
should  this  fail,  special  plans  best  suited  for  the  troublesome  places 
will  have  to  be  resorted  to.  Sheet  piling  in  both  ditches,  driven  through 
the  mud  and  into  the  hard  underlying  clay,  will  be  found  effective. 
Farmers'  drains  are  also  very  satisfactory;  these  are  composed  of  two, 
three  or  four  lines  of  logs,  laid  parallel  under  each  ditch,  each  end  of 
each  line  terminating  in  the  berme  ditch  of  the  nearest  fills.  If  neither 
of  the  methods  noted  remedies  the  trouble,  as  a  last  resort,  though  an 
expensive  one,  build  a  double  retaining  wall  in  the  form  of  a  culvert 
under  each  ditch,  paving  the  foundation  well,  which  should,  of  course, 
be  the  best  obtainable;  cover  the  top,  leaving  the  space  in  clear  between 
walls  about  2  feet,  and  clear  height  inside  about  3  feet.  The  material 
may  for  a  while  continue  to  slough  and  slide,  but  the  retaining  wall, 
which  is  only  a  culvert,  will  be  found  to  drain  the  cut  properly,  and  the 
trackmen  will  be  enabled  to  maintain  a  good  track  therein. 

Fills  should  be  made  not  less  than  14  feet  wide  for  a  roadbed 
for  a  single-track  standard-gauge  line,  and  staked  oiit  for  one  and 
one-half  to  one  slope,  and  all  waste  material  taken  from  adjacent 
cuts  should  be  dumped  equally  on  either  side  of  the  fills,  thereby  in- 
creasing their  width  regularly,  and  thus  strengthening  them  in  a  sym- 
metrical and  economical  manner  and  avoiding  unsightly  waste  banks. 
A  berme  bank  from  3  to  5  feet  wide  should  be  outlined  outside  of  the 
slo^je  stakes,  and  the  contractor  should  not  be  allowed  to  borrow  material 
within  this  limit.  Outside  of  and  at  the  edge  of  this  limit  a  ditch  of 
sufiicient  section  should  be  cut,  to  prevent  water  from  injuring  the 
bank  and  to  carry  it  to  the  culvert  at  foot  of  bank.  The  culverts 
under  the  banks,  unless  they  are  very  large,  should  always  be  located  a 
little  above  the  greatest  depression  in  the  hollow,  which  will  generally 
prevent  the  opening  from  being  choked  by  trash;  care,  however,  should 
be  taken  not  to  locate  the  opening  too  high  above  the  lowest  point,  as 
such  an  error  would  often  cause  accumulation  of  water,  which  might 
become  objectionable  to  natives  living  near  the  point,  in  which  case  the 
company  would  be  very  likely  to  be  troubled  with  suits.  Care  should 
also  be  taken  to  have  the  culvert  of  sufficient  size  to  pass  accumulation 
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from  excessive  rainfalls  or  melting  of  snow,  and  this  matter  sliould  be 
very  carefully  considered  before  the  size  of  the  opening  is  decided  on; 
and  in  excess  of  the  amount  decided  on,  a  good  factor  of  safety  should 
be  allowed,  which  will  possibly  at  some  time  save  the  bank.  Should  the 
opening  be  too  small,  a  serious  washout  may  occur;  and  if  the  fill  should 
wash  out  at  night,  unless  the  track  is  carefully  policed,  a  serious  acci- 
dent might  occur.  Should  the  fill  withstand  the  pressure  of  an  over- 
flow and  act  as  a  dam,  backing  up  the  water  for  some  distance,  this,  as 
well  as  a  washout,  will  be  another  source  of  annoyance  from  adjacent 
landowners,  and  the  company  generally  gets  out  of  this  trouble  only  by 
paying  for  so-called  damages,  from  six  to  ten  times  the  amount  of  the 
value  thereof.  Banks  made  in  layers  of  about  1  foot  or  slightly  more, 
"will  be  found  to  be  more  solid  and  to  require  less  allowance  for  settling 
than  the  fills  which  are  made  by  dumping  the  material  ofi"  the  end  of 
the  bank.  Should  this  latter  mode  of  making  the  fill  be  necessary,  cart 
and  car  work  will  be  found  better  than  wheelbarrow  work.  The  surface 
on  steep  hillsides  should  be  well  benched  out  before  the  fill  is  begun, 
after  which  the  earth  will  be  found  to  catch  and  hold  much  better  than 
to  allow  it  to  roll  to  a  resting-place. 

Openings. — These  should  be  as  seldom  as  possible,  and  no  trestles 
used  unless  absolutely  necessary;  but  where  they  are  used,  they,  as  well 
as  bridges,  should  be  of  iron,  and  such  structures  should  always  be 
calculated  for  the  heaviest  rolling  loads  to  be  put  over  them,  and  a  factor 
of  safety  of  not  less  than  5  should  always  be  allowed. 

Cattle  Guards. — "When  this  character  of  opening  is  necessary,  the 
standard  should  be  without  a  pit,  which  is  so  dangerous  in  case  of  derail- 
ment. The  National  Surface  Guard,  Fig.  2,  fills  this  requirement,  and  for 
its  use  no  change  need  be  made  in  the  track,  save  the  putting  in  of  two 
longer  ties  for  connection  with  the  cross  fences.  This  guard  is  made  in 
three  and  four  sections,  and  can  be  put  in  the  track  very  quickly.  The 
company  manufacturing  them  has  recently  designed  an  iron  fence  which 
will  require  less  repairs  than  the  wooden  one  previously  used.  Where 
guards  with  pits  are  used.  Fig.  3,  indicates  one  which  is  now  the 
standard  wooden  guard  of  the  Richmond  and  Danville  Railroad,  and 
which  has  given  good  satisfaction,  being  very  effective  in  stojaping  stock 
of  all  sorts.  The  number  of  feet,  board  measure,  in  this  guard  is  1  OiO, 
and  it  can  be  put  in  place  very  cheaply. 

Ckoss-ties. — These  being  such  a  large  and  important  part  of   the 
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track,  standard  dimensions  and  timber  should  be  decided  on  and  the- 
inspectors  made  to  adhere  to  them.  There  is  still  a  considerable  amount 
of  good  timber  iu  the  United  States,  especially  in  the  South,  which  will 
be  used  for  cross-ties,  but  statistics  show  that  our  forests  are  rapidly 
disappearing,  from  the  constant  drafts  on  them.  Methods  of  chemically 
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preserving  wood  will  be  resorted  to  or  metal  must  be  largely  used  for 
ties;  but  as  the  first  cost  for  wooden  ties,  even  when  creosoted  or  other- 
wise chemically  preserved,  is  so  much  less  than  for  metal  ties,  the 
growth  of  suitable  timber  should  be  largely  carried  on  and  the  reckless 
waste  of  our  present  valuable  forests  brought  to  a  sudden  stop.  Cross- 
ties  are  becoming  scarcer  every  year,  and  are  also  beginning  to  be  more- 
expensive,  while  railroad  mileage  is  on  the  increase.  However,  wooden 
ties  will,  for  some  years,  stiU  be  used  in  this  country,  especially  in  the 
southern  part  of  it,  and  I  will  only  mention  a  few  jioints  in  connection 
with  this  kind  of  cross-ties.  White  oak,  post  oak  and  chestnut  oak  are 
the  best  timbers  for  cross-ties,  though  pine  is  largely  used  in  the  far 
South,  and  when  a  good  long-leaf  pine  tie  can  be  had  it  will  last  for- 
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seven  or  eight  years,  and  sometimes  longer,  but  the  average  life  of  the- 
pine  tie  is  not  over  five  or  six  years,  and  the  habit  of  bleeding  the  pine 
(extracting  the  rosin),  is  each  year  making  pine  ties  more  inferior.  The 
original  growth,  heart  i>ine  tie  usually  rots  regularly  from  the  outside^ 
in  fact  almost  wears  away,  but  the  bled  sap  tie  will  rot  anywhere,  one 
end  sometimes  being  good  and  the  other  worthless,  and  will  often  have 
the  appearance  of  being  sound  and  at  the  same  time  be  so  rotten  as  not, 
to  be  able  to  hold  a  spike. 

But  the  oak  ties  mentioned  are  very  satisfactory,  their  average  life^ 
being  about  six  or  seven  years,  and  they  will,  better  than  any  others,, 
resist  decay  and  being  cut  into  by  the  rail;  the  latter,  occasioned  by 
heavy  loads,  forms  a  receptacle  for  water,  which  causes  rot  to  begin  and 
soon  destroys  that  part  of  the  tie,  making  it  too  weak  to  hold  the  spikes 
and  support  the  rail,  and  it  is  rendered  thereby  unfit  for  use,  though 
sound  everywhere  else,  except  under  either  rail.  Neither  chestnut  nor 
any  other  soft  wood  is  desirable  for  ties,  unless  used  with  a  tie-jilate,  for 
soft  wood  ties,  owing  to  the  openness  of  the  fiber,  soon  become  unable 
to  hold  the  spikes,  which  w^ork  loose  and  sometimes  half  out,  thereby 
rendering  the  track  unsafe.  Ties  8  feet  long,  with  an  8-inch  face  and  7 
inches  thick,  have  been  found  satisfactory.  None  of  the  ties  received 
as  first-class  should  have  a  greater  face  than  10  inches,  and  never  less 
than  8  inches,  and  all  first-class  ties  should  be  hewed  from  young, 
straight-grained,  sound,  live  timber  and  be  uniform  in  thickness,  the 
faces  straight  and  out  of  wind,  bark  chopped  o&,  and  the  edges  should 
not  vary  more  than  3  inches  from  the  straight;  the  ends  of  all  ties  should 
be  sawed  ofi"  square,  and  there  should  not  be  allowed  a  variation  of 
more  than  1  inch  from  the  standard  length  of  8  feet,  it  being  understood 
that  a  greater  variation  will  render  the  ties  second-class.  The  getting 
out  of  second-class  cross-ties  shoiild  be  discouraged,  and  such  ties  should 
never  be  used  in  a  main  line;  when  received,  second-class  ties  should  be 
paid  for  at  50  per  cent,  of  the  price  paid  for  first-class  ties.  Particular 
attention  should  be  called  to  the  requirement  for  length  of  ties,  it  being 
desirable  that  they  should  be  uniform  in  length  and  the  ends  be  square 
with  the  general  line  of  the  tie.  Hewed  ties  should  always  be  taken  in 
preference  to  sawed  ones,  as  the  former  will  outlast  the  latter  one-third 
and  will  hold  track  better.  Cross-ties  should  be  cut  during  the  time 
when  the  sap  is  down,  preferably  from  the  middle  of  December  to  the 
middle  of  February,  as  the  absence  of  sap  Avill  materially  assist  them  in 
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resisting  decay.  In  spacing  ties  in  the  track  they  should  be  laid  not 
over  2  feet  between  centers,  or  2  640  to  the  mile.  When  ties  are  delivered 
on  the  work  they  should  be  piled  in  square  piles  at  designated  points 
along  the  line,  both  ends  exposed,  and  the  party  furnishing  them  should 
be  required  to  handle  them  over  again,  if  necessary,  to  insure  a  thorough 
inspection.  Each  pile  of  ties  should  be  plainly  marked  with  the  full 
name  and  post-office  address  of  the  owner,  thus  preventing  possible 
mistakes  and  trouble.  Ordinarily,  when  track  is  being  laid,  it  is  done 
with  a  rush,  and  time  is  not  taken  to  select  the  best  ties  for  the  joints; 
but  this  should  always  be  done,  as  the  joint,  being  the  weakest  part  of 
the  rail,  should  have  the  strongest  support.  Care  should  be  taken  to 
impress  on  the  tie  contractors  the  importance  of  uniform  thickness  for 
ties,  and  inspectors  should  pay  especial  attention  to  this  point.  If  pos- 
sible, all  ties  should  be  allowed  to  season  under  shelter  for  at  least  one 
year  before  being  put  in  the  track,  and  there  should  be  permanent  tie 
store-houses  at  convenient  points  along  the  line. 

The  chemical  treating  of  timber  for  ties  has,  for  a  good  many  years, 
caused  much  thought  and  experiment,  and  it  ajjpears  that  creosoting,  or 
forcing  dead  oil  of  tar  into  the  wood,  is  aboiit  the  only  process  that  has 
thus  far  given  much  satisfaction.  Chloride  of  zinc  has  been  used  in  con- 
nection with  creosote,  and  these  chemicals,  which  are  largely  insoluble 
in  water,  penetrate  a  seasoned  and  open-grained  tie  in  every  part,  and 
considering  the  increased  life  of  the  tie  by  their  use,  while  the  most 
costly,  are  not  really  the  most  expensive.  The  use  of  mineral  salts  for 
preserving  timber  has  also  been  tried,  but  these  being  soluble  in  water 
are  practically  worthless  for  this  purpose,  unless  the  ties  are  in  good 
broken  stone  ballast  and  the  track  well  drained;  it  is  said,  however,  that 
the  use  of  mineral  salts  will  harden  the  fiber  of  the  wood,  and  thus  offer 
greater  resistance  to  the  cutting  into  the  tie  by  the  rail.  When  ties  are 
to  be  chemically  treated  better  results  are  to  be  obtained  by  boring  spike 
holes,  and  doing  on  them  such  adzing  as  may  be  necessary  before  they 
are  shipped  to  the  works  for  treatment;  every  jaart  of  the  surface  of  the 
tie  will  then  be  equally  fitted  for  offering  effective  resistance  to  the 
conditions  producing  decay,  thus  giving  them  the  full  benefit  of 
the  treatment.  It  pays  better  to  treat  soft  Avood  than  hard  wood,  and 
all  wood  to  be  successfully  chemically  treated  should  be  open-grained 
and  seasoned. 

Tie-plates. — The  use  of  the  tie-plate  has  been  largely  restricted 
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to  curves,  as  they  are  not  of  so  much  advantage  on  tangents,  the 
tendency  of  the  rail  to  cut  into  the  tie  on  tangents  being  small 
as     compared    with    certainty     of 


similar  action  on  curve?.  The 
Servis  tie-plate  (Fig,  4)  seems  to 
meet  the  requirements  for  a  device 
of  this  kind  better  than  anything 
else  that  has  been  brought  to  the 
attention  of  maintenance  of  way 
people,  though  there  has  recently 
appeared  on  the  market  the 
shoulder  tie-plate  which  seems  to 
possess  some  good  points.  The 
shape  of  the  Servis  tie-plate  is 
such  as  to  j)revent  bending,  and 
the  hatchet  edges  which  enter 
the  tie  compress  the  wood  on 
either  side  so  as  to  render  this 
part  of  the  tie  almost  as  imper- 
vious to  the  attacks  of  rot,  induced 
by  the  action  of  moisture,  as 
any  other  part  of  it.  Besides 
protecting  the  face  of  the  tie 
from  rail  wear,  the  jjlate  binds  the 
spikes  together,  each  bracing 
against  the  other  in  such  a  manner 
as  to  prevent  the  working  out 
or  bending  back  of  the  spikes 
from  the  rail,  which  often  occurs 
with  spikes  not  thus  laterally 
supported.  In  addition  to  the'^ 
Servis  plate  shown  in  Fig.  4,  the  V-^v/^ 
manufacturers  make  a  plate  which*  — 
has  in  it  a  central  flange;  this  LL. 
three-flanged  plate  is  wider,  and 
therefore  affords  a  lietter  bearing  for 
the  rail  and  decreases  the  span  between  ties 


The  increased  safety  of 
trains,  gained  by  the  use  of  tie-plates,  is  a  valuable  advantage,  and  this, 
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of  course,  should  be  considered  above  everything  else;  another  gain  is  in 
the  rigid  bearing  afiforded  the  rail  and  the  effectual  preventing  of  its 
canting.  On  curves,  the  plate  causes  the  inside  spikes  to  assist  in  sus- 
taining the  impact  of  the  train,  thus  doubling  the  stiffness  of  the 
track.  The  manufacturers  of  the  Servis  tie-plate  claim  that  by  the  use 
of  this  i^late  the  life  of  the  tie  is  doubled. 

Spiking. — The  ixsual  dimensions  of  track  spikes  are  5i  x  rV  inches 
square,  their  weight  about  half  a  pound  each,  and  they  are  put  up  in 
kegs  of  200  pounds  each.  Their  common  defects  are  brittleness  and  im- 
perfect points.  In  spiking  track,  the  most  important  points  to  be 
attended  to  are  the  proj)er  spacing  of  the  ties  and  driving  the  sjoikes  in 
such  a  manner  that  the  ties  shall  be  held  in  place,  at  right  angles  to  the 
track  and  the  rails  in  true  gauge;  to  insure  the  latter,  the  track  gauge 
should  always  be  used  when  spiking  the  gauge  side,  the  rail  being  held 
to  proper  position  by  a  lining  bar.  The  gauge  should  be  kept  about  6  or 
8  inches  ahead  of  the  tie  being  spiked  and  should  not  be  lifted  until  the 
spikes  are  driven  home;  gauges  should  be  tested  regularly  and  every 
morning  when  they  are  to  be  used  all  day,  so  as  to  insure  a  true  gauge 
all  the  time.  The  two  inner  spikes  should  be  set  on  one  side  of  the  tie 
and  the  two  outer  spikes  on  the  other,  as  indicated  in  Fig.  5;  this  j^re- 
vents  the  tie  from  slewing  around  and  thus  deranging  the  gauge 
of  the  track,  as  well  as  interfering  with  the  proper  spacing  of  the 
ties.  The  joints  and  centers  should  be  spiked  first,  which  will  bring 
the  rails  to  their  proper  position  on  the  ties,  which  in  turn  will  assist 
intermediate  spiking.  Each  tie  should  be  carefully  gauged  as  spiked  and 
as  before  indicated,  the  ties  with  the  broadest  faces  being  selected  for 
the  joints.  In  gauging  ties,  it  is  very  convenient  to  have  measured  off 
on  the  handles  of  the  mauls  in  the  hands  of  the  forward  spikers,  the  dis- 
tance from  the  outside  of  the  rail  to  the  end  of  the  tie;  this  distance 
will  then  be  gauged  on  the  tie,  when  it  will  be  lifted  to  the  rail  and 
securely  sjoiked;  the  gauge  is  then  used,  and  the  loose  rail  held  in  place 
with  the  lining  bar  as  previously  indicated,  loose  gauge  being  given  on 
curves,  in  accordance  with  directions  of  the  engineer,  the  allowance  for 
which  is  about  an  ^  of  an  inch  on  a  2-degree  curve,  up  to  about  J  of  an 
inch  on  a  12-degree  curve.  This  widening  of  the  gauge  should  begin  on 
the  tangent,  back  of  the  P.  C,  the  full  amount  of  excess  over  true  gauge 
being  reached,  by  the  time  the  P.  C.  is  reached  and  continue  all  the 
way  around  the  curve,  running  off  from  the  P.  T.  in  same  manner  as 
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back  of  the  P.  C.  The  spikes  should  always  be  driven  home  straight 
and  at  right  angles  with  the  face  of  the  ties.  When  the  foreman  in 
charge  of  the  track-laying  work  sees  a  spiker,  when  the  spike  is  nearly 
home,  strike  the  spike  head  laterally,  which  is  done  to  make  it  lie  snugly 
to  the  rail,  he  should  at  once  check  such  imperfect  work  and  put  the 
man  who  does  it  at  other  work.  The  foreman  in  charge  of  gang  of 
spikers  should  be  experienced  in  this  branch  of  the  work,  and  by  weed- 
ing out  imperfect  workers,  can  soon  get  together  a  first-rate  gang  of 
spikers.  But  no  trouble  will  be  experienced  from  carelessly  driven 
spikes,  if  the  tie  has  the  spike  holes  bored  into  it,  before  laying;  this  is 
considered  good  practice,  but  rather  expensive.  For  boring  the  hole& 
quickly  and  accurately,  a  proper  template  should  be  made,  by  which 
the  ties  are  marked  for  the  borers,  who  should  be  provided  with  boring^ 
machines,  by  the  use  of  which  a  hole,  square  with  the  face  of  the  tie,  is 
bored.  The  boring  machines  should  be  so  arranged  as  not  to  cut  the 
hole  beyond  the  required  depth,  which  should  be  slightly  less  than  the 
length  of  the  spike.  The  diameter  of  the  holes  should  be  about  rt  of  an 
inch  less  than  the  thickness  of  the  spike;  this  not  only  does  away  with 
the  spike  tearing  its  way  through  the  timber  and  thus  injuring  its  fiber 
to  a  great  extent  and  causing  it  to  be  much  more  susceptible  to  rot,  but 
it  is  said  to  increase  the  adhesion  of  the  spike  in  hard  wood  ties,  at 
least  50  per  cent.  But  in  order  that  the  best  results  may  be  obtained, 
the  spike  should  be  flattened  on  either  side  of  the  sloping  point,  which 
will  generally  prevent  its  leaving  the  hole.  The  spikers  should  care- 
fully avoid  striking  the  rail  with  their  mauls,  as  such  carelessness  often 
produces  fracture,  which  sometimes  causes  the  rail  to  break  in  two  at 
such  points,  which  is  liable  to  produce  derailment  and  serious  accident. 
Spike  mauls  should  weigh  not  less  than  nine  nor  more  than  ten  pounds,, 
and  should  be  on  straight  handles,  not  less  than  3  feet  long.  After  con- 
siderable use,  the  face  of  the  maul  will  become  somewhat  rounded,  and 
when  this  takes  place  it  should  be  sent  to  the  shop  to  be  redressed.  The 
last  blow  on  the  spike  should  be  only  sufficiently  hard  to  cause  ita 
throat  to  fit  snugly  on  the  rail;  a  harder  blow  will  often  fracture  the 
spike  in  such  a  manner  as  to  cause  the  head  in  a  short  time  to  break 
off,  and  leave  the  rail  unsui^ported  at  that  point.  Foremen  should  not 
allow  a  spike  to  be  pulled,  esi^eeially  in  frosty  weather,  until  it  has  been 
first  struck  a  light  blow  to  break  the  rust  and  loosen  its  hold  in  the- 
wood.     The  filling  of  old  spike  holes  with  wooden  plugs  is  bad  practice,. 


HALL  ON  CONSTRUCTION  AND  MAINTENANCE  OF  TRACK.      343 

for  the  reason  that  they  will  cause  the  spike  in  a  short  time  to  slip  from 
Its  place;  to  fill  the  holes  with  sand  is  much  better,  and  spikes  driven 
in  holes  so  filled  will  hold  much  more  firmly.  The  best  form  of  spike 
I  have  seen  is  the  Curved  Safety  Railroad  Spike  (Fig.  5);  this  spike 
takes  in  the  tie  a  position  which  enables  it  to  resist  the  thrust  of  the  rail 
against  it,  much  more  effectually  than  the  ordinary  spike  can  possibly 
do.  I  have  seen  in  good  condition,  one  of  these  curved  spikes,  which 
was  said  to  have  been  driven  eight  times.  The  cost  of  the  Curved  Safety 
Spike  is  more  than  that  of  the  ordinary  spike,  but  it  is  better  made, 
holds  the  track  better,  and,  I  believe,  is  worth  more  than  the  difference 
asked  for  it. 

Rail  Braces. — On  sharp  curves,  where  the  rail  has  to  resist  the 
heavy  lateral  thrust  produced  by  the  impact  of  the  trains,  the  spikes 
are  not  suflSciently  strong  to  resist  this  strain  unaided,  and  it  is  neces- 
sary to  use  rail  braces.  There  are  many  styles  of  braces  in  the  market, 
but  I  consider  the  Alkins  Forged  Steel  Rail  Brace  (Fig.  6)  the  best,  as 
this  is  so  formed  as  to  support  strongly  the  head  as  well  as  the  side 
of  the  rail,  and  is  not  too  thick  to  prevent  the  spikes  holding  it  from 
obtaining  a  secure  hold  in  the  tie.  Next  to  this,  I  prefer  a  good  snug- 
fitting  cast  brace,  though  the  principal  objection  to  this  is  that  the 
thickness  of  the  lower  part  prevents  suflScient  of  the  spike  going  into 
the  tie,  thereby  failing  to  get  the  best  service.  Rail  braces  should  be 
used  on  all  curves  over  6  degrees,  and  on  this  degree  not  less  than  three 
to  the  rail,  and  these  should  be  increased  as  made  necessary  by  increase 
of  curvature  and  traffic. 

Rails. — This  is  a  subject  on  which  much  thought  has  been  bestowed, 
especially  recently,  by  the  Rail  Section  Committee  of  the  American 
Society  of  Civil  Engineers,  and  I  unhesitatingly  declare  in  favor  of  their 
recommendations,  until  something  better  is  proposed.  Their  recom- 
mendations are  as  follows: 

First. — A   12-inch   top  radius  as  a  standard  for  rail  sections  of 

all  weights. 
Second. — A   broad  head  relatively  to  depth   for  sections  of  all 

weights,  taking  care  not   to   go  too  far  in  either  dimension, 

especially  in  very  large  or  very  small  sections,  or  to  endanger 

the  flange  cutting  into  the  joint. 
Third. — A  J-inch  corner  radius  as  a  standard  for  sections  of  all 

weights. 
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Fourth. — A  -nr-incli  lower  corner  radius  for  the  head,  as  a  standard 

for  sections  of  all  weights. 
Fifth. — That  starting  from  a  sufficient  base  width  of  head  to  give 
ample  bearing  for  the  joint  or  to  conform  to  recommendation 
No.  1,  the  sides  be  carried  up  vertical,  as  a  standard  for  sec- 
tions of  all  weights. 
It  may  be  urged  that  our  experience  with  rails  formulated  on  a  basis 
similar  to  the  one  indicated  is  limited,  and  to  a  large  extent  this  is  true; 
but  the  adoption  of  the  j^roposed  standard  would  be  a  boon  to  manufac- 
tui'ers  as  well  as  to  railroads,  for  then  rail-makers  would  be  able  to  roll 
in  slack  time,  and  thus  always  have  a  stock  on  hand,  and  the  railroads 
would  be  able  to  buy  cheaper  for  this  reason.  Comparatively  few  rail- 
way managers  have  looked  deeply  into  the  subject  of  designing  rail  sec- 
tions, and  these,  in  addition  to  those  who  have  not  looked  into  it  at  all, 
would  be  glad  to  be  able  to  buy  rails  of  sections  designed  on  the  Ameri- 
can Society  standards.  There  are  other  managers  who  purchase  rails 
only  with  reference  to  such  weight  per  yard  as  may  be  required  by  their 
president  and  directors,  and  these  would  also  be  glad  to  select  from 
such  standards.  Again,  a  set  of  standards  formulated  by  the  American 
Society  of  Civil  Engineers  need  not  be  final;  the  Committee  should  con- 
tinue the  collection  of  data,  and  from  time  to  time  recommend  such 
changes  and  modifications  in  their  standards  as  might  seem  advantage- 
ous. The  proposed  standards  need  not  in  any  way  discourage  experi- 
ment, for  the  reason  that  if  any  manager  were  to  conclude  that  he  had 
discovered  a  section  superior  to  those  of  the  American  Society,  he  would 
try  it  if  he  could,  which  is  just  the  same  as  he  would  do  now.  The 
weight  of  rail  per  yard  for  a  road  should  be  governed  almost  entirely  by 
the  amount  of  traffic  of  the  line,  but  the  weight  of  rails  should  keep  well 
up  with  increase  in  weight  of  rolling  stock.  All  rails  should  be  care- 
fully inspected  as  to  line,  surface,  length,  flaws,  composition  and 
weight.  No  excess  of  weight  shoiild  be  paid  for,  and  rails  should  be 
selected  and  weighed  by  the  inspector  whenever  he  deems  it  necessary. 
The  ends  of  rails  should  be  sawed  off  square,  and  rough  edges  left  by 
the  saw  should  be  filed  down  until  the  end  conforms  to  the  true  section 
of  the  rail.  Without  this  a  neat  fit  of  the  joint  cannot  be  had.  The 
rails  should  be  straight  and  not  twisted,  and  the  inspector  should  be 
authorized  to  reject  a  rail  if  it  is  struck  or  thrown  violently.  When  the 
curves  are  10  degrees  and  over,  the  rails  should  be  carefully  curved 
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before  being  placed  in  the  track,  as  unless  this  is  done  slight  angles  will 
generally  appear  at  the  joints.  Some  approved  rail-curving  machine 
should  be  used,  and  rails  should  never  be  curved  by  being  raised  and 
dropped  on  ties  laid  for  the  purpose,  as  this  manner  of  curving  puts 
nearly  all  the  curve  in  the  center,  and  rails  are  also  sometimes  badly 
bent  by  this  method.  Nor  is  the  rail-bender  satisfactory,  for  the  reason 
that  the  curving  done  by  it  is  really  a  series  of  slight  bends  and  not  a 
regular  curve  as  it  should  be.  Kails  with  mitered  ends  have  been  tried 
to  a  small  extent  and  have  given  good  satisfaction,  and  the  experiments 
thus  far  indicate  that  the  miter  adds  to  the  strength  of  the  joint.  Kails 
shoiild  be  handled  carefully,  and  should  never  be  dropped  or  thrown 
down.  When  unloaded  from  the  cars,  they  should  be  slid  down  on 
skids  sufficiently  inclined  to  allow  the  rail  to  go  gently  to  the  ground, 
when  it  should  be  moved  slightly  to  be  out  of  the  way  of  the  one  to  fol- 
low, though  this  will  not  be  necessary  if  rails  are  unloaded  from  both 
sides  of  the  cars,  which  will  be  found  a  good  plan.  Where  necessary  to 
unload  in  one  place,  the  rails  should  be  neatly  piled  near  the  track  con- 
venient for  reloading  on  cars.  KaU  is  sometimes  slid  to  the  ground  on 
skids  and  then  pitched  on  the  pile.  This  should  never  be  done,  as  the 
rails  are  often  injured  thereby.  If  the  ends  of  the  rails  have  not  been 
filed  at  the  mill,  they  should  be  brought  to  the  proper  section  with  files, 
thus  insuring  a  good  fit  of  the  angle  bar.  Fig.  7  rejiresents  standard  70 
pounds  rail  of  the  Kichmond  and  Danville  Kailroad,  which  is  designed 
nearly  on  recommendations  of  the  American  Society  Kail  Committee. 
This  12-inch  top  radius  gives  a  good  bearing  for  the  drivers,  and  the 
vertical  sides  offer  less  resistance  to  the  wheel  flanges. 

Joints. — No  absolutely  satisfactory  joint  has  thus  far  been  found, 
but  it  would  seem  that  one  which  would  approach  nearest  to  the  prin- 
ciple of  a  bridge  would  be  the  best.  The  Fisher  joint  (Fig.  8)  is 
on  this  principle,  but  has  the  objection  of  necessitating  the  removal  of 
a  sufficient  quantity  of  the  tie  to  make  way  for  it,  thus  rendering 
the  tie  more  liable  to  split  and  decay.  If  this  cutting  of  the  tie  is 
not  done  it  must  be  lowered,  which  is  unsatisfactory.  Longer  spikes 
have  also  to  be  used  with  this  joint,  which  is  objectionable,  this 
being  necessary  on  account  of  the  thickness  of  1-inch  channel  beam 
through  which  spike  has  to  pass.  Ordinary  spikes  would  not  have 
sufficient  hold.  It  is  claimed  that  the  strong  vertical  bolt  holding  the 
Fisher  joint  prevents  creeijing,  on  account  of    the    rails    butting  up 
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against  it,  the  corners  being  drilled 
ofif  to  receive  it.  This  joint  is  still 
in  an  experimental  stage,  but  is 
giving  excellent  satisfaction,  and, 
in  my  opinion,  is  the  strongest  joint 
made.  Its  cost  is  the  principal 
objection  at  present.  There  is  a 
modification  of  the  Fisher  joint, 
manufactured  by  the  same  works, 
price  of  -which  is  less,  but  the  sup- 
port is  on  a  much  smaller  scale, 
and  is  used  as  an  adjunct  to  the 
angle  bar.  It  consists  of  a  piece 
of  steel,  2 J  x  3^  inches,  placed 
tinder  the  joint  and  held  in  place 
by  a  U-bolt,  similar  to  the  one  in 
regular  Fisher  joint.  The  Fisher 
Joint  Company  has  recently 
designed  a  small  angle  bar  as  an 
adjunct  to  their  joint,  which  is,  I 
think,  an  advantage,  but  of  course 
renders  the  joint  more  expensive. 
This  is  said  to  be  a  powerful 
assistant  to  the  angle  plate,  biit 
first  cost  is  greater  than  any  plate 
20  pounds  per  joint.  The  angle 
bar  should  be  so  designed  as  to 
give  same  strength  as  exists  in  the 
body  of  the  rail.  It  is  claimed  for 
them  that,  while  allowing  each  rail 
to  contract  and  expand  freely,  the 
track  as  a  whole  is  held  against 
creeping.  This  class  of  joint  does 
not  give  satisfaction,  though  a 
large  majority  of  the  lines  con- 
tinue to  use  them,  I  suiDi^ose,  on  0*0 
account  of  cost  of  changing;  but  if  1 1  ^ 
for  this   cost  we  could   obtain   a 
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better  and  more  satisfactory  joint,  the  saving  in  maintenance  of  low 
joints  woultl  in  a  short  time  cover  the  excess  over  the  present 
unsatisfactory  device.  A  good  angle  bar  is  shown  in  Fig.  8,  though 
I  would  prefer  the  base  of  the  bar  to  swing  clear  of  the  ties  i  inch. 
I  am  in  favor  of  the  supported  joint,  as  being  cheaper  to  keep  up. 
The  square-jointed  rail  gives  more  or  less  of  an  opening  for  the  wheels 
to  drop  into,  while  the  mitered  rail  (angles  from  45  to  60  degrees)  to 
a  great  extent  obviates  this  trouble;  still  advocates  of  the  joint  claim  that 
the  supported  joint  being  subjected  continually  to  the  sledge-hammer 
blows  of  the  wheels,  prevents  to  a  large  extent  the  springiness  of  the 
splice,  thereby  increasing  their  effect.  But  adding  to  the  other  advan- 
tages of  the  supported  joint,  the  tie  undoubtedly  increases  the  bear- 
ing surface  at  the  weakest  point  of  the  rail,  which  is  a  great  advantage. 
With  broken  joints,  track  is  easier  and  cheaper  to  keep  up,  and  rides 
better,  which  are  three  good  reasons  why  this  mode  of  arranging  the 
joints  is  better  than  to  place  them  opposite.  Track  will  also  stay  in 
line  better  with  broken  joints,  especially  on  curves,  the  cause  therefor 
being  that  as  the  weakest  jjlace  in  the  rail  is  the  joint,  even  joints  brings 
the  weak  i:)oints  of  both  rails  together,  while  in  broken  joints  the  weak 
point  is  reinforced  by  the  stiffness  of  the  whole  rail  on  the  other  side  of 
the  track.  For  the  same  reason  it  is  undoubtedly  wrong  to  claim  that 
where  track  is  allowed  to  run  down  or  is  put  up  on  poor  ballast  even 
joints  are  best. 

Bolts  and  Nijt  Locks. — Bolts  are  usually  J  x  3J  to  3J  inches,  as  may" 
be  made  necessary  by  distance  through  rail  web  and  angle  bars  and 
thickness  of  locks  to  be  used.  Holes  in  rail  for  bolts  are  drilled  usually 
circular,  which  provides  for  contraction  and  expansion  in  the  rail;  and 
in  order  that  the  bolt  may  not  turn,  an  oval  enlargement  of  section 
under  head  is  made,  and  a  corresponding  hole  is  punched  in  the  angle 
bars.  Experience  has  proven  that  uut  locks  cause  bv  their  use  a  large 
decrease  in  expenditure  for  track  maintenance,  reducing  cost  for  tight- 
ening of  bolts  at  least  one-half,  and  adding  largely  to  the  life  of  the 
bolt  by  holding  it  rigid.  The  use  of  spring  nut  locks  has  one  disadvan- 
tage, which  is  that  of  producing  the  impression  on  the  mind  of  th& 
track-walker  that  the  joint  is  tight,  while  in  fact  it  may  be  loose  and 
held  tight  by  the  spring;  but  some  spring  locks  give  fairly  good  results^ 
though  recently  a  good  many  of  these  have  been  found  broken  in  tha 
track.     This,  however,  is  probably  due  to  improper  temper  of  the  steeL 
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The  Harvey  grip  bolt,  -witli  one  side  of  the  thread  square  and  the  other 
inclined,  used  with  the  Stark  nut  lock,  gives  good  satisfaction,  though 
troublesome  to  handle,  owing  to  a  certain  amount  of  care  being  neces- 
sary to  prevent  injury  to  the  key.  The  National  nut  lock  (Fig.  6)  is 
about  as  good  as  any  spring  nut  lock. 

Track  Laying.  — The  roadbed  should  first  be  brought  to  the  true  sur- 
face of  sub-grade.  When  track  laying  is  begun  it  is  usually  necessary 
for  it  to  be  finished  quickly,  and  therefore  as  large  a  force  should  be  put 
on  the  work  as  can  be  worked  to  advantage.  For  proper  results  the  gang 
should  be  carefully  organized  and  the  work  supervised  by  a  thoroughly 
experienced  man  in  this  branch  of  construction,  it  being  economy  to  pay 
well  for  such  a  man  in  preference  to  employing  a  cheap  and  therefore 
generally  incompetent  overseer.  In  each  gang  of  a  track-laying  force,  it 
is  a  good  plan  to  pay  secretly  one  good  laborer  an  increase  of  from  ten 
to  fifteen  cents  per  day,  and  by  this  means  more  work  can  be  gotten  out 
of  the  force  than  by  all  the  driving  and  swearing  a  foreman  can  do.  It  is 
also  a  good  plan  to  offer  a  prize  to  the  men,  which  should  consist  of  a 
small  addition  to  the  pay  of  each  man,  foreman  as  well  as  laborers,  if  a 
certain  amount  of  work  is  done  in  a  certain  given  time,  but  unless  time 
is  an  object,  of  course  this  is  not  necessary,  though  on  general  principles 
it  is  a  good  plan  any  way.  It  has  been  generally  observed  that  good  work 
is  done  when  the  forces  are  in  a  good  humor,  and  vice  versa.  The  Negro 
labor  of  the  South,  when  worked  on  a  railroad,  is  the  most  satisfactory  in 
the  world.  Heat  rarely  hurts  the  Negroes,  and  only  give  them  plenty  of 
water  and  keep  them  satisfied  by  fair,  but  at  the  same  time  decided  treat- 
ment, and  they  will  work  well  early  and  late,  and  the  contractor  or  com- 
pany employing  them  will  get  a  good  return  for  the  money  paid  them. 
The  men  handling  the  ties  should  be  carefully  instructed  as  to  the  distance 
•apart  to  lay  thera,  and  they  should,  of  course,  be  in  charge  of  a  foreman 
who  will  see  that  the  ties  are  regtilarly  spaced  as  previously  mentioned, 
the  best  ties  being  selected  for  the  joints.  When  possible,  the  ties  should 
■be  gotten  out  near  the  line  of  the  road  by  contracts  with  the  natives; 
this  can  be  done  in  a  good  timber  country,  cheaply  and  satisfactorily,  and 
the  contractor  should  be  required  to  deliver  the  ties  near  the  roadbed 
and  in  piles  of  fifty  every  100  feet.  Where  this  delivery  can  be  had 
the  ties  can  be  placed  on  the  roadbed  very  cheaply.  It  should  always  be 
stipulated  that  ties  so  delivered  shall  never  be  placed  more  than  4  feet 
above  or  below  grade,  but  where  ties  are  necessarily  placed  on  the  side 
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of  a  cut,  they  should  never  be  pitclied  over  into  the  cut,  but  should  be 
carried  on  to  the  roadbed  and  dropped  in  place. 

Handling  Rail. — It  will  be  found  that  the  handling  of  rail  will  be 
greatly  facilitated  by  use  of  rail  cars  with  rollers  let  in  the  platform  or 
by  strips  strongly  attached  to  the  platform  at  each  end  of  the  car;  these 
pieces  should  be  1  x  3  inches,  and  in  length  equal  to  the  width  of  the  car. 
An  iron  strap  should  be  i^laced  on  each  strip,  on  which  the  rails  can  be 
slid  off  the  car.  This  arrangement  will  be  found  nearly  as  satisfactory  as 
the  rollers,  will  be  cheaper,  and  will  not  interfere  with  the  use  of  the  car 
for  other  j)urpof  es.  The  track  centers  being  in,  it  should  be  seen  that  the 
men  handling  the  rail  lay  each  one  as  near  as  possible  to  where  it  will 
lie  when  lined  up,  which  will  save  labor  in  throwing  the  track  and  the 
possibility  of  kinking  the  rail,  or  tight  joints  when  laid  too  far  on 
one  side  of  the  center.  Great  care  should  be  taken  of  the  centers,  and  they 
should  never  be  disturbed.  The  sj^acing  between  the  ends  of  the  rails 
should  vary  with  the  temperature.  In  warm  weather  they  can  be  placed 
within  a  i  of  an  inch  of  each  other;  in  cold  weather  they  should  be 
placed  not  less  than  i  an  inch  apart.  Unless  the  detail  of  rail  spacing  is 
carefully  and  intelligently  looked  after,  especially  in  winter,  trouble  wiU 
come  when  the  summer  sun  strikes  the  track,  as  if  it  causes  the  rails  to 
buckle,  serious  derailments  may  occur.  A  very  convenient  way  of  spacing 
rails  is  done  by  holding  a  spike  keg  stave  between  the  rail  ends;  the 
forward  rail  is  then  shoved  up  to  the  near  one  and  the  stave  is  broken  off 
and  used  in  succeeding  spacing  until  used  up.  The  joints  and  centers 
should  first  be  spiked  to  gauge,  which  assists  in  intermediate  spiking, 
and  each  tie  should  be  carefully  gauged  before  being  spiked.  In  going 
around  curves  the  joints  of  the  inside  rail  will  get  ahead  of  those  on  the 
outside,  thereby  causing  them  to  be  greater  and  less  than  15  feet  apart 
for  30-feet  rails;  therefore,  with  every  lot  of  rail,  there  should  be  a  few 
28  or  29-feet  rails  for  comi)ensation  at  these  points.  The  heads  of  the  bolts 
should  always  show  on  the  inside  of  the  rail.  Square  nuts  are  generally 
satisfactory,  except  where  light  rail  is  lieing  laid,  when  hexagon  nuts 
will  usually  be  found  necessary  as  occujiying  less  space. 

Alignment. — A  railroad  track  when  turned  over  to  the  Maintenance 
of  Way  Department,  may  be  lined  up  true  to  the  engineers'  centers,  but 
after  these  have  been  knocked  up  or  covered  up,  the  track  gang  will 
gradually  lighten  the  curves  at  the  ends  and  stiffen  them  towards  the 
center;  this  causes  the  engine  to  deflect  more  gradually  from  the  tan- 
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gents  and  adjust  itself  with  less  abruptness  to  the  curve,  and  it  would 
therefore  seem  that  in  laying  out  the  line  of  a  railway,  transition  or  ease- 
ment curves  should  be  used.  Curves  of  over  1  degree  should  be  com- 
pounded from  the  beginning,  increasing  1  degree  for  every  50  feet,  until 
the  P.  0.  of  the  full  degree  of  curve  is  reached.  The  other  end  of  the  curve 
should  be  run  out  in  the  same  way,  this,  of  course,  would  increase  the 
ti'ouble  and  expense  in  protecting  the  location  and  laying  it  out  on  the 
ground,  but  it  is  probable  that  the  cost  of  maintenance  of  track  and  roll- 
ing stock  would  be  decreased  sufficiently  by  this  means  to  repay  many 
times  the  expense  of  the  first  cost  in  engineering.  Money  spent  in  engi- 
neering is  well  spent,  and  the  location  of  a  line  should  never  be  hurried. 
A  great  mistake  is  made  by  the  employment  of  incompetent  engineers; 
the  very  best  that  can  be  gotten  should  be  employed,  and  they  should 
be  well  eqiiipped  and  have  plenty  of  time  to  do  their  work.  By  following 
this  rule,  railway  managers  would  often  save  their  companies  subse- 
quently much  unnecessary  expense,  to  say  nothing  of  the  numbers  of 
roads  that  are  to-day  bankruj^t  and  in  the  hands  of  receivers,  on  account 
of  being  poorly  located.  No  matter  how  good  a  country  a  road  is  in,  un- 
less a  paying  load  can  be  pulled  over  it,  a  receiver  is  a  mere  matter  of 
time.  No  trackman's  eye  is  sufficiently  good  to  run  a  true  curve  without 
the  aid  of  an  instrument;  therefore,  permanent  centers  should  be  put  in 
by  the  engineers.  Iron  plugs  24  inches  long  have  proved  satisfactory. 
The  foreman  should  guard  these  most  carefully,  and  they  should  be  tested 
every  sirring  after  the  frost  is  out  of  the  ground  and  kept  as  near  as 
possible  in  proper  position. 

Grades. — As  a  general  law  for  choosing  grades,  Mr.  A.  M.  Welling- 
ton, M.  Am.  Soc.  C.  E.,  in  his  "Railway  Location,"  says:  "  Follow  that 
route  which  affords  the  easiest  possible  grades  for  the  longest  possible 
distances,  using  to  that  end  such  amounts  of  distance,  curvature  and  rise 
and  fall  as  may  be  necessary,  and  then  jsass  over  the  intervening  dis- 
tances on  such  grades  as  are  theh  found  necessary. "  This  seems  to  me 
to  cover  the  ground  very  fully,  and  if  the  engineer  will  adhere  strictly 
to  this  rule,  he  will  generally  build  a  paying  line  for  his  comjjany.  A 
compensation  of  0. 06  feet  per  degree  of  curve  may  be  properly  made  in 
grades. 

Elevation  op  Cxjbves. — The  constant  tendency  of  trains  to  go  o£f 
at  tangent  makes  elevation  on  curves  necessary.  A  fixed  rule  is  hard  to 
find;  general  rules  for  similar  conditions  can  be  adopted,  but  these  must 
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vary  in  special  cases.  Before  any  elevation  is  put  iu,  the  curve  should  be 
lined  \\p  true.  The  proper  way  to  put  elevation  into  a  curve  is  to  raise 
the  outer  rail,  though  a  great  many  track  men  think  it  best  to  depress 
the  inner  rail,  but  the  outer  rail  can  be  elevated  more  quickly  and  satis- 
factorily, and  therefore  more  cheajily,  and  for  these  reasons  raising  the 
outer  rail  is  more  proper.  Having  decided  on  the  elevation  per  degree 
for  curves,  the  proper  way  to  go  to  work  is  to  line  up  the  inside  rail  and 
pull  it  to  a  true  surface;  the  outer  rail  can  then  be  pulled  by  the  track 
level  to  any  desired  height  above  the  inner  rail.  In  deciding  on  the  ele- 
vation per  degree  for  the  outer  rail  of  track,  the  sj)eed  of  trains  is  the 
princiiDal  consideration,  but  slow,  as  well  as  fast,  trains  should  be  con- 
sidered in  this  connection.  The  outer  rail  at  the  P.  C.  and  P.  T.  should 
be  the  full  elevation  allowed  for  the  curve,  and  this  elevation  should  be 
run  out  on  tangents  at  either  end  of  the  curve  at  the  rate  of  60  feet  for 
each  inch  of  elevation,  if  there  is  enough  tangent  distance.  When  short 
tangents  occur  between  curves  deflecting  in  the  same  direction,  it  is 
good  practice  to  carry  a  certain  amount  of  elevation  throughout  the  tan- 
gent. Lighter  curves  require  more  elevation  in  proportion  than  heavy 
ones,  and  for  a  speed  of  35  or  40  miles  an  hour  not  less  than  J  of  an  inch 
to  the  degree  should  be  allowed,  with  a  maximum  elevation  of  8  inches; 
it  is  possible  that  onainch  to  the  degree  will  not  be  found  too  great,  for 
1,  2  and  3-degree  curves.  One  very  important  point  in  connection  with 
elevation  of  curves  is,  that  whatever  elevation  is  given  should  be  uni- 
form all  around  the  curve.  Foremen  should  be  compelled  to  ride  on 
the  regular  trains  over  their  sections  at  stated  intervals,  to  observe  care- 
fully the  effect  of  certain  elevation  at  certain  points,  and  they  should 
never  stop  working  on  a  curve  until  it  rides  all  right. 

Ballast. — As  track  is  heaved  by  frost  in  winter,  that  material  for 
ballast  which  will  absorb  the  least  moisture  is  best.  Broken  granite  in 
such  sized  pieces  as  will  pass  through  a  2-inch  ring  is  considered  the 
best,  though  very  satisfactory  results  are  oljtained  from  good,  clean 
gravel.  One  of  the  objections  to  gravel,  however,  is  that  the  pebbles 
comi^osing  it  are  nearly  all  round,  and  therefore  it  will  not  hold  tr.ick  in 
line  as  well  as  broken  stone,  the  sharp  corners  of  which  stick  into  the 
ties  and  jirevent  lateral  movement.  Stone  ballast  is  very  hard  on  the 
bottoms  of  soft  wood  ties,  rounding  them  in  a  very  objectionable  man- 
ner. In  the  North,  slag  and  anthracite  engine  cinder  are  a  good  deal  used, 
but  it  is  said  these  are  not  very  satisfactory,  being  dusty  and  not  very 
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durable,  though  preventing  vegetation  and  to  a  large  extent  heaviug  by 
frost.  As  great  a  depth  of  ballast  as  can  be  gotten,  up  to  2  feet,  should 
be  put  under  the  ties,  though  6  inches  deep  is  of  great  advantage.  Bal- 
last should  not  usually  be  less  than  8  inches  deep,  and  with  this  depth 
the  drainage  of  the  track  is  found  to  be  much  improved.  Another  objec- 
tion to  gravel  is  that  it  can  rarely  be  gotten  clean,  nearly  always  having 
with  it  a  mixture  of  clay  or  loam,  but  if  the  gravel  can  be  cleaned  of 
these  by  washing  out  a  good  ballast  can  be  gotten  out  at  a  less  coat  than 
broken  stone,  and  nearly  as  satisfactory.  Coarse  sand  is  also  fair  ballast, 
and  does  not  retain  moisture  to  any  considerable  extent,  but  will  be 
found  not  to  hold  track  well,  and  labor  on  sand-ballasted  track  is  con- 
siderable. The  best  cheap  material  at  hand  should  be  used  in  surfacing 
track  on  green  banks,  and  expensive  ballast  not  put  in  until  the  banks 
have  settled  as,  if  used,  it  will  be  lost.  Surfacing  or  section  gangs  should 
never  be  allowed  to  use  material  from  shoulder  of  embankment  for  bal- 
last; this  is  an  expensive  as  well  as  slovenly  habit,  and  leaves  the  fill  in 
condition  to  be  much  damaged  by  rains.  Burnt  clay  has  been  used  to 
some  extent  with  reported  good  results.  Clay  and  ordinary  earth  usually 
found  in  cuts  is  unfortunately  much  used  in  the  South,  for  the  reason 
that  it  is  cheaper  and  more  convenient  than  any  other  ballast.  That 
which  has  the  most  mica  or  isinglass  in  it  is  the  most  objectionable, 
causing  the  track  in  wet  weather  to  slip  out  of  line.  In  summer,  clay 
ballast  packs  very  hard,  and  track  work  in  such  ballast  is  very  difficult. 
In  winter,  frost  causes  clay-ballasted  track  to  heave  very  badly;  in  spring, 
the  track  goes  right  down.  Coarse  grass  or  sod  will  temporarily  assist 
very  bad  wet  places,  but  about  the  best  thing  to  be  done  then  is  to  get  a 
good  lot  of  gravel  underj  which  will  generally  relieve  the  trouble. 
Broken-stone  ballast  is  very  hard  and  troublesome  to  work,  and  less 
work  in  a  given  time  can  be  done  in  it  than  in  any  other  ballast. 

Shimming. — As  tamping  in  the  winter  is  impossible,  and  when  the 
ballast  retains  water,  which  it  generally  does  from  one  cause  or  another, 
track  is  irregularly  heaved  and  it  becomes  necessary  to  do  something  to 
bring  it  back  as  near  as  possible  to  a  regular  surface.  This  is  generally 
done  by  ptitting  blocks  of  wood  of  necessary  thickness  under  the  rail 
and  on  top  of  the  tie.  The  thickness  of  these  blocks  should  never  be 
more  than  2  inches,  but  in  extreme  cases,  when  more  is  necessary,  a 
piece  of  1-inch  plank,  the  width  of  the  top  of  the  tie  and  not  less  than  2 
feet  long,  should  first  be  placed  under  the  rail  and  the  shim  spiked  on 
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that  to  the  cross-tie.  When  the  track  has  been  raised  by  the  action  of  the 
frost,  the  tie  shouhl  be  adzed  only  in  extreme  cases,  it  being  much  bet- 
ter, when  possible  and  jjroper,  to  raise  the  rail  on  the  opposite  side  of 
the  track  to  the  corresponding  height.  It  is  better  for  the  foreman  to 
split  his  shims  out  of  a  section  of  a  straight-grained  cross-tie,  as  shop- 
made  shims  of  the  required  thickness  are  rarely  at  hand  when  needed. 
When  track  on  curves  has  to  be  raised  over  1  inch,  probably  the  best  way 
to  do  it  is  to  drive  a  wedge-shaped  block  under  the  tie  and  thus  raise  the 
track  to  grade,  but  care  should  be  taken  to  remove  this  blocking 
in  the  spring.  During  snow-storms  a  sufficient  force  should  be 
kept  out  night  and  day  to  keep  frogs  and  switches  open  for  traffic^ 
to  patrol  the  track  and  see  that  everything  is  safe  for  passing  of 
trains. 

Tback  Maintenance. — In  this  branch  of  railroad  work  it  seems  oftei^ 
necessary  for  work  to  be  done  on  Sunday;  this  is,  however,  not  really 
necessary  and  can  be  avoided,  except  in  extreme  cases,  by  good  manage- 
ment on  the  part  of  the  roadmaster.  That  eminent  trackman,  the  late 
Charles  Latimer,  M.  Am.  Soc.  C.  E. ,  just  before  he  died,  wrote  a  paper 
entitled  "A  Day  of  Kest  for  the  Weary  Trackman,"  and  advocated  the 
men  demanding  Sunday  as  theirs;  this  would  be  unnecessary  if  the 
managers  of  railways  would  consider  the  matter,  and  it  is  much  to  be 
hoped  that  they  will.  The  man  who  is  always  ready,  day  and  night,  to 
go  out  on  the  line  should  have  a  day  of  rest  on  Sunday,  unless  an  extra- 
ordinary necessity  causes  him  to  work.  In  cases  of  a  washout  or  a 
smash-up,  Sunday  work  is  a  necessity,  but  generally  it  can  and  should 
be  avoided.  Parsimony  in  supplying  men  and  materials  for  work  on 
track  is  poor  economy;  allow  a  sufficiency  of  them,  and  when  the  track 
is  in  fine  condition  and  well  ballasted  the  decrease  in  track  and  rolling- 
stock  repairs  will  be  surprising.  There  are  two  things  trackmen  should 
never  lose  sight  of:  the  one  is  that  all  work,  and  especially  track  work, 
should  be  done  as  far  as  possible  in  a  regular  and  systematic  manner, 
and  the  other  is  that  no  work  should  be  done  previous  to  that  which 
is  more  necessary.  Work  carried  on  under  these  rules  by  a  good,  exjDe- 
rienced  foreman,  and  with  a  full  force  provided  with  a  sufficiency  of 
proper  track  tools,  will  give  the  best  results.  In  the  spring,  when  the 
frost  gets  out  of  the  ground,  the  foreman  should  go  to  work  to  take  the 
shims  from  under  the  rails,  throwing  the  track  into  a  good  general  line, 
taking  out  the  low  places  and  renewing  rotten  ties,  preparatory  to  a 
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general  surfacing  and  lioing  for  the  coming  winter.  Track  should  be 
put  in  the  best  of  order  once  a  year,  and  in  the  spring,  summer  and  fall 
is  the  time  to  do  it. 

Renewing  Ties. — This  is  a  most  important  branch  of  maintenance, 

and  should  be  done  carefully  and  with  good  judgment.     I  have  seen  a 

foreman  take  ties  out  of  a  track,  that  would  easily  have  been  good  for 

one  or  two  years  longer  and  leave  next  to  them  in  the  track,  ties  which 

should  come  out  at  once.    It  will,  of  course,  be  said  that  this  man  should 

have  been  discharged,  and  he  was,  but  had  not  the  roadmaster  been 

watchful,  this  foreman  would  probably  have  injured  the  company  with 

bis  ignorance  and  carelessness  much  more  than  he  did.  This  foreman  is 

not  the  only  one  who  has  taken  ties  out  when  they  should  stay  in,  and 

the  roadmasters  cannot  watch  these  details  too  c.irefully.     In  renewing 

ties  there  is  one  rule  which  should  always  be  carried  out,  which  is, 

aiever  disturb  the  bed  of  the  old  tie  any  more  than  can  be  heljoed,  and  a 

tie  as  near  as  possible  the  same  size  as  the  one  to  be  renewed,  should 

always  be  selected  to  replace  the  one  to  be  taken  out.     When  ties  are 

renewed,  the  ballast  is  cut  into  from  either  side  of  the  tie,  and  cut  one 

•side  a  little  lower  than  the  bed,  the  track  raised  a  few  inches,  the  spikes 

•drawn,  the  tie  pulled  out  and  the  other  slipped  into  its  place.  From  ten 

to  twelve  ties  -pev  day  per  man  in  renewing,  is  considered  good  work.    In 

light  ballast  and  under  favorable  conditions,  better  work  can  be  done. 

A  satisfactory  way  to  test  the  life  of  a  lie,  is  to  strike  it  a  sharp  blow  on 

the  end,  and  if  the  wood  seems  soft,  the  tie  should  be  renewed.     Both 

^nds  of  each   doubtful-looking  tie  should  be  tested,  and  ties   to  be 

renewed  should  be  marked  with  the  blade  of  an  axe,  so  there  may  be  no 

mistake  when  the  tie  renewers  come  along.     Ties  supplied  by  natives 

should  always  be  deposited  at  or  near  the  top  of  a  grade,  so  they  can  be 

easily  run  down  hill  to  place  on  pole  car;  when  distributed  by  train,  they 

«,re  usually  thrown  off  near  the  place  they  will  be  used,  thus  saving  the 

expense  of  handling  a  second  time.  Foremen  sometimes  allow  their  men 

to  handle  ties  by  striking  a  pick  in  them;  this  should  never  be  done,  as 

it  often  splits  the  ties  and  always  leaves  a  hole  by  which  water  will  enter 

and  produce  rot.     At  the  end  of  each  week's  work  old  ties  should  be 

piled  on  the  right  of  way,  at  convenient  distances,  for  loading  on  cars, 

if  they  are  to  be  hauled  away,  or  well  towards  the  outer  edge  of  the  right 

of  way  if  they  are  to  be  gotten  rid  of  by  burning.  It  is  very  objectionable 

for  the  old  ties  to  be  allowed  to  clog  up  the  ditches  or  remain  scattered 

on  the  right  of  way.     All  ties  should  be  renewed  by  the  last  of  August. 
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Raising  Track. — Some  foremen  raise  one  rail  first  to  grade  and  then 
pull  np  the  other  on  the  same  level  with  the  track  level;  this  is  bad 
practice,  as  the  raising  of  the  second  rail  disturbs  the  material  which  is 
packed  under  the  ties  holding  the  first  rail,  thereby  causing  it  to  go 
down.  Both  rails  should  be  raised  together  to  a  half  or  three-quarters  of 
an  inch  above  grade  and  tamped  solidly.  A  good  deal  of  track  is  still 
pulled  to  surface  with  raising  bars,  but  these  are  fast  being  superseded 
by  ratchet  and  friction  track  jacks,  which  are  better  and  cheaper 
than  a  man  swinging  onto  the  end  of  a  raising  bar.  I  consider  the  fric- 
tion jack  the  best,  as  it  will  hold  the  track  at  any  desired  height,  while 
the  ratchet  jack  has  to  be  jiulled  to  a  notch  before  stopping.  The  new 
Stanford  track  jack  seems  to  fill  all  the  requirements  for  a  friction  jack, 
is  very  strong  and  durable,  and  holds  track  satisfactorily;  this  jack  has 
been  tried  thoroughly  on  two  divisions  of  the  Richmond  and  Danville 
Railroad,  and  gives  first  rate  satisfaction.  When  possible  to  have  levels 
by  which  to  raise  track,  they  will  be  found  a  great  advantage,  the  top  of 
the  grade  pegs  giving  elevation  to  which  top  of  rail  is  to  be  raised. 
On  tangents  the  grade  pegs  should  be  set  every  100  feet,  and  on 
curves  every  twenty-five,  the  elevation  of  pegs  on  curves  being  for  lower 
or  inside  rail.  While,  of  course,  it  is  preferable  to  have  elevations  for 
raising  track,  a  foreman  with  a  good  eye  can  put  up  track  very  well  with- 
out them,  but  the  levels  save  time  and  the  track  force  should  always  be 
glad  to  get  them. 

Grassing. — One  of  the  most  troublesome  things  with  which  the 
trackman  has  to  deal  is  grass  and  weeds,  and  if  the  grass  is  heavy  and  his. 
force  small,  he  will  find  that  he  can  ill  afford  to  take  the  time  from  his 
track  to  work  on  it;  but  as  a  neat  as  well  as  good  track  is  desirable,  the 
roadbed  should  be  grubbed  and  the  right  of  way  mowed  at  least  twice 
during  the  season,  the  last  time  about  the  first  of  August,  after  which 
time  not  very  much  more  trouble  will  be  experienced  from  grass  and 
weeds,  unless  the  soil  is  unusually  productive.  I  have  seen  so  much 
grass  in  the  track  on  a  poor  road,  that  the  engine  could  scarcely  make 
any  headway,  owing  to  the  slipping  caused  by  the  grass  getting  between 
the  tread  of  the  wheel  and  the  rail.  In  grassing  track  outside  the  ends 
of  the  ties,  the  width  of  the  cleaned  space  should  be  regular.  Some  days 
after  the  mowing  and  grubbing  are  finished  the  grass  and  weeds  should 
be  raked  into  a  pile  and  burnt. 

Tamping. — This  is  packing  the  ballast  tightly  around  and  under  the 


358     HALL  ON  CONSTRUCTION"  AND  MAINTENANCE  OF  TRACK. 

ties,  and  is  largely  done  with  shovel  handles,  which  are  generally  pre- 
ferred by  trackmen  to  tamping  bars  or  picks,  though  these  latter  are 
necessary  for  stone  ballast  and  work  to  advantage  in  gravel,  but  the 
shovel  handle  works  to  good  advantage  in  light  ballasts.  Ties  should 
not  be  uniformly  tamped  from  end  to  end,  for  the  reason  that  owing  to 
the  weight  of  the  rolling  loads  and  flexibility  of  the  tie,  the  ballast  will 
pack  more  quickly  at  the  ends  and  cause  thereby  what  is  called  center 
bound  track,  which  gives  the  train  a  very  objectionable  rocking  motion. 
In  order  that  this  trouble  may  be  avoided,  ties  should  be  well  tamjjed 
under  the  ends  np  to  within  1  foot  on  either  side  of  the  center,  and 
these  2  feet  in  the  center  should  be  more  lightly  tamped  than  the  ends. 
About  the  only  satisfactory  way  to  relieve  center  bound  track  is  to  raise 
the  track  clear  of  the  old  bed  not  less  than  3  inches,  and  tamp  solidly 
under  the  tie  ends  to  within  1  foot  on  either  side  of  the  center,  as  pre- 
viously indicated.  A  man  should  never  attempt  to  tamp  a  tie  alone,  as 
he  will  thereby  knock  out  on  one  side  what  he  knocked  under  on  the 
other.  There  should  always  be  another  man  tamping  the  other  side  of  the 
tie,  their  blows  falling  at  the  same  time  as  nearly  as  possible,  thus  pack- 
ing the  ballast  under  the  center  by  the  concentrated  action.  The  joint  ties 
should  be  more  firmly  tamped  than  the  balance,  as  being  the  points  least 
able  to  resist  the  sledge-hammer  blows  of  the  wheels,  should  have  most 
assistance  to  do  it.  In  raising  track  the  joint  ties  should  first  be  tamped 
and  put  up  a  little  high,  then  the  centers,  then  the  quarters,  then  the 
balance,  and  before  leaving  it,  it  will  often  be  found  necessary  to  finish 
ofi"  on  the  joint.  Frogs  should  be  carefully  looked  after  and  kept  well 
tamped,  esi^ecially  the  points,  as  this  is  also  a  point  which  is  unab.e  to 
resist  effectually  the  constant  hammering  of  the  wheels. 

General  Wokk. — By  the  time  the  foreman  has  renewed  all  of  his 
rotten  ties,  got  his  track  in  good  line  and  surfaced  and  ready  for  the 
winter,  it  is  getting  well  into  fall.  He  should  after  this  disturb  the  track 
no  more  than  is  absolutely  necessary.  The  ditches  should  be  cleaned  out 
and  the  berme  ditches  and  culverts  cleared  of  leaves,  trash  and  such 
other  obstructions  as  would  likely  choke  the  openings  in  a  heavy  rain- 
fall or  melting  of  snow;  the  frogs  and  switches  should  be  kej^t  clear  of 
ice  and  snow,  doing  Avhich  is  greatly  aided  by  liberal  sprinkling  of  salt 
on  the  parts  most  liable  to  be  aff'ected.  "When  the  track  heaves  badly,  it 
should  be  marked  with  paint,  and  in  the  sj^ring  such  places  should  be 
dug  out  and  filled  in  with  clean  sharp  sand  or  gravel.     Such  parts  had 
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better  not  be  disturbed  in  winter  by  other  work  than  putting  in  shims 
to  raise  low  places.  All  bolts  should  be  tightened  at  least  twice  a  year, 
and  if  this  is  done  the  track-walkers  can  take  care  of  them  after  that. 
When  steel  is  furnished  for  renewals  the  rotten  ties  should  be  renewed 
and  track  resurfaced  before  laying  it,  and  all  steel  should  be  laid 
together  in  spots  in  preference  to  using  it  for  general  renewals.  In  renew- 
ing rail,  if  lengths  are  put  in  different  from  those  taken  out,  all  of  the 
bolt  holes  should  be  bored  and  joint  made  up  as  good  as  any  of  the 
others.  In  Northern  climates,  snow  causes  a  good  deal  of  trouble  to  the 
track  and  train  men,  and  sioecial  appliances  are  used  for  removing  it; 
there  are  also  many  miles  of  snow  sheds  in  the  Northwest  for  jirotecting 
the  track  from  the  heavy  drifts.  The  section  foremen  should  carefully 
watch  all  points  where  slides,  washouts  or  other  troubles  are  likely  to 
occur,  and  they  should  at  once  remove  any  rocks,  stumjjs  or  masses 
of  earth  which  are  liable  to  fall  or  slide  on  the  track  or  are  too  close  to 
it.  They  should  also  take  every  precaution  during  heavy  storms  to  pre- 
vent accident,  and  all  hands  should  then  watch  the  road,  and  especially 
at  exposed  i^oints.  The  track  on  banks  next  to  bridges  and  trestles 
should  be  kept  well  surfaced,  not  allowed  to  get  lower  or  to  be  raised 
higher  than  the  regular  grade  of  the  structure,  it  being  very  injurious 
to  the  rolling  stock  to  receive  the  shock  caused  by  such  inequalities  in 
elevation.  When  trestles  go  down,  wedges  to  the  height  of  4  or  5  inches 
may  be  used  to  raise  them,  but  beyond  that  height  the  wedges  should 
be  removed  and  substantial  blocking  jnit  in  their  place.  Shimming  of 
trestles  should  always  be  done  under  the  sill,  and  no  foreman  should 
block  up  a  trestle  by  putting  shims  under  the  stringers  or  ties. 

KoAD  Cbossings  and  Fences. — Where  road  crossings  at  grade  are 
unavoidable,  a  very  satisfactory  and  durable  crossing  is  made  by  two 
rails,  spiked  down  on  each  side  of  the  main  rails,  allowing  between 
bases  of  rails  sufficient  width  only  for  the  sjiikes  ;  then  fill  in  the  road- 
bed on  the  crossing  and  approaches  to  the  crossing  with  good  stone 
ballast,  and  in  a  short  time  the  passing  of  teams  wiU  pack  the  stone  and 
make  the  crossing  a  first-rate  one.  (Fig.  9.)  A  very  fair  crossing  is  made 
by  using  2-inch  oak  plank  in  place  of  the  ballast,  the  plank,  however, 
extending  not  further  on  either  side  of  the  track  than  the  ends  of  the 
cross-ties.  When  possible,  small  brick  culverts  should  be  used  for  the 
ditch  under  the  road  leading  up  to  the  crossing,  though  terra  cotta  pipe 
properly  protected  at  the  ends,  makes  a  very  cheaj)  and  good  culvert. 


360     HALL  OK  CONSTRUCTIOK  AND  MAINTENANCE  OF  TRACK. 


•h 


L 


1 

^^ 

t 

!  ■  L  :-n  j-j  T":^ 

^Si 

J 

CO 

1 

o 

\ 

1 

u                ■ 

HALL  ON  CONSTRUCTION  AND  MAINTENANCE  OF  TRACK.     361 

'When  the  ditches  have  to  be  planked  over,  they  should  be  well  looked 
after  and  kept  in  good  repair.  A  hole  in  the  planking,  allowing  a  horse's 
foot  to  get  through,  resulting  in  a  broken  leg,  will  cost  the  company 
annoyance  and  money,  as  it  is  always  the  finest  animals  that  are  killed 
and  injured  by  a  railroad.  The  slopes  of  the  approaches  to  the  crossing 
should  be  gradual,  and  not  ordinarily  over  1  foot  in  10,  as  in  steeper 
grades  heavily  loaded  teams  may  get  stalled,  possibly  resulting  in  an 
accident.  Farm  road  crossings  need  not  be  over  10  feet  in  width,  but 
public  road  crossings  should  always  be  sufficiently  wide  for  two  teams 
to  pass.  Width  of  crossings  in  towns  and  cities  is  usually  the  same  as 
the  width  of  the  streets.  In  cities,  and  in  some  towns,  esijecially  where 
a  good  deal  of  shifting  of  cars  has  to  be  done  over  the  crossings,  the 
juost  desirable  crossings  are  above  or  below  grade,  which  not  only  saves 
risk  of  accident  and  delay  and  dissatisfaction  to  travelers,  but  tha 
expense  of  gate-men,  an  item  of  considerable  expense,  is  dispensed 
with. 

Fences. — For  a  cheap  and  durable  fence.  Fig.  10,  one  of  wire,  nailed 
to  locust  or  cedar  posts,  is  unsurpassed.  First,  its  cost  is  less  than  any 
other  fence;  it  can  be  quickly  put  up  and  kept  in  repair  at  small 
expense.  A  heavy  barbed  wire  is  preferable  to  any  other,  and  a  plank 
1x6  inches,  oak  or  chestnut,  should  take  the  place  of  the  top  wire  and  ba 
nailed  on  the  top  of  the  posts.  This  plank  will  act  as  a  brace,  and  con- 
siderably strengthen  the  fence.     The  height  of  the  fence  should  baa)!} 


BAKBED  WIRE  EAILROAD  FENCE. 
Fig.  10. 


less  than  5  feet,  and  the  two  lower  wires  should  be  not  over  6  inches 
apart,  which  will  prevent  small  animals  from  creeping  through. 
Posts  should  be  spaced  12  feet  apart,  and  every  twentieth  post  braced 
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both  ways.  Posts  should  not  be  less  than  8  feet  long  nor  less  than  4J 
inches  at  the  small  end.  Five  wires  should  be  used,  but  when  the  plank 
at  top  is  used  only  four  are  necessary. 

FoKCE  AND  Length  of  Section. — For  convenience  in  maintenance,  a 
railroad  track  is  divided  into  sections,  each  of  which  is  taken  care  of  by 
a  foreman  and  gang  of  laborers,  one  of  whom  should  be  rather  better 
and  paid  a  little  more  than  the  balance,  and  this  man  should  be  capable 
of  handling  the  force  intelligently  during  the  foreman's  absence.  A 
large  majority  of  foremen  think  they  should  do  nothing  more  than  stand 
by  and  see  their  men  work.  This  is  wrong.  The  foreman  should  be  the 
foremost  man  in  a  great  deal  of  the  work  done  on  a  section,  and  he 
should  insist  on  his  men  keej)ing  up  with  him.  In  this  way  twice  the 
amount  of  work  can  be  gotten  out  of  the  force.  In  addition  to  the  section 
forces,  there  are  usually  in  summer  several  large  floating  gangs  on  each 
division,  as  well  as  two  or  more  material  or  general  work  trains,  and  their 
assistance  is  usually  necessary  for  getting  the  track  in  good  shape 
during  the  season.  The  extra  gangs  usually  help  out  in  getting  up  the 
worst  track,  and  the  material  trains  haul  all  the  material  and  clean  out 
ditches,  which  latter  work  the  section  forces  usually  have  not  time  to 
do.  The  extra  gangs  should  also  do  a  good  deal  of  ditching.  The  size 
of  the  force  and  length  of  the  section  depend  on  a  good  many  points, 
amongst  which  are,  amount  of  traffic,  number  of  depot  yards  and  kind  of 
ballast.  Usually,  on  first-class  single-track  lines,  the  sections  are  6  or  7 
miles  long,  and  force  allowed  is  about  one  man  to  the  mile.  The  fore- 
man and  his  men  should  all  live  in  section  houses,  located  near  together, 
so  in  case  of  a  sudden  call  the  men  will  not  be  scattered.  The  head- 
quarters of  the  force  should  always  be  near  the  center  of  the  section, 
and  by  this  means  the  force  is  never  more  than  3  or  3J  miles  from  any 
point  on  their  work.  Where  very  large  yards  occur,  a  special  gang 
will  be  constantly  required  for  its  maintenance,  otherwise  it  may 
be  neglected  for  work  considered  more  important  on  the  main  line. 
The  size  of  the  section  force  may  be  decreased  in  winter,  in  a  sec- 
tion where  snow  is  not  troublesome,  and  looking  after  switches, 
patrolling  track  and  picking  up  low  places  is  the  principal  work,  but 
in  summer  a  foreman  should  have  from  10  to  12  men  in  his  force; 
and  he  can,  if  he  understands  his  business,  work  them  to  advan- 
tage. In  both  winter  and  summer,  at  least  two  track-walkers  are 
necessary,  and  they  should  be  in  excess  of  the  number  of  men  allowed 
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as  laborers.  Track-walkers  should  be  provided  with  a  light  spiking 
hammer,  a  flag  and  track  wrench,  and  should  be  expected  to  drive 
down  loose  spikes  and  tighten  bolts.  The  usual  idea  is  that  any 
sort  of  laborer  will  do  for  a  track-walker,  but  this  is  a  mistake ; 
he  should  be  a  man  of  experience  and  judgment,  and  superior  to 
the  ordinary  laborer,  as  his  position  is  of  a  good  deal  of  importance.  In 
good  weather,  when  there  is  no  danger  of  accident,  the  track-walker  may 
join  the  regular  force  during  the  afternoon  of  each  day,  but  in  stormy 
weather  he  should  keep  on  the  move,  if  necessary,  night  and  day,  and 
watch  carefully  all  places  where  accident  is  liable  to  occur.  The  night 
track-walker  should  be  provided  with  a  lantern  and  torpedoes,  and  should 
arrange  to  get  over  the  sections  just  ahead  of  the  trains.  In  uncertain 
weather  no  job  should  be  started  that  cannot  be  finished  in  the  one  day, 
and  no  work  should  be  hurried  over  and  left  half  done.  A  foreman 
who  persistently  does  this  should  be  discharged.  The  necessity  for 
judgment  in  a  foreman  in  handling  his  force  is  fully  as  important  as  a 
good  knowledge  of  the  work  to  be  done.  He  should  know  how  to  dis- 
tribute his  men  so  as  to  get  the  best  results  from  tlie  work  of  each;  it 
being  best,  if  possible,  for  each  man  to  have  a  small  job  which  he  indi- 
vidually must  complete.  The  foreman  in  handling  his  men  should  be 
firm  and  just.  The  habit  of  swearing  at  the  men,  so  generally  indulged 
in  by  foremen,  is  useless,  and  the  best  discipline  cannot  be  maintained 
by  profanity.  No  man  should  ever  be  discharged  without  sufficient 
cause,  and  when  any  doubt  exists  as  to  the  justness  of  the  action,  the 
laborer's  as  well  as  the  foreman's  side  should  be  heard.  I  am  no  advo- 
cate for  taking  back  discharged  men,  but  where  men  have  committed  a 
fault  for  which  they  should  be  discharged,  if  their  previous  records  are 
good,  and  they  try  to  fulfill  the  duties  properly,  the  foreman  can  some- 
times jilace  their  shortcomings  before  them  in  such  a  light  that  they 
will  see  where  they  have  been  wrong,  and  if  given  another  chance, 
will  often  make  first-rate  men;  but  where  men  are  negligent  and  will- 
fully disobedient,  or  get  drunk  periodically,  no  matter  if  oflf  duty,  they 
should  be  discharged  and  not  allowed  on  the  work  again  in  any  capacity. 
The  foreman  at  all  times  should  have  impressed  on  him  the  resjionsi- 
bility  of  his  position,  and  he  in  turn  should  endeavor  to  impress  on  his 
men  their  individual  responsibility.  All  should  be  encouraged  to  take 
a  pride  in  the  work,  and  they  should  understand  that  good  work  will  be 
substantially  ai)i:)reciatod.     A  short,  brusque  manner,  or  orders  roughly 
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given,  on  the  part  of  a  superior,  -wliile  it  may  be  entirely  unintentional 
and  caused  by  absorption  in  duties,  will  very  often  cause  subordinates 
to  feel  that  they  are  badly  treated  and  thought  to  be  beneath  the  notice 
of  the  superior,  while  a  kind  word  and  care  for  the  welfare  of  the  men 
will  not  only  make  subordinates  have  greater  respect  for  those  above 
them,  but  they  will  work  better  and  be  better  men  themselves.  Fore- 
men should  be  taught  to  think,  and  if  they  don't  understand,  to  ask  the 
reason  why.  All  track-men  should  watch  and  study  the  work  and 
endeavor  to  understand  all  about  it.  In  the  whole  track  force,  from  the 
roadmaster  down,  each  man  is  indirectly  dependent  on  the  other,  and 
all  should  work  for  general  advantage,  and  endeavor  to  improve  the  con- 
dition of  the  work  in  every  way;  thus,  if  not  at  once,  in  the  long  run 
improving  themselves. 

Switches  and  Fkogs. — Where  it  is  necessary  to  pass  from  one  track 
to  another,  switches  and  frogs  are  used.  Switches  may  be  divided  into 
three  classes:  stub,  split  and  Wharton.  The  first  is  the  simplest  and  is 
still  a  good  deal  used  in  yards  and  by  poorer  lines,  but  the  two  last-named 
switches  are  rapidly  replacing  them.  Split  or  Lorenz  switches  are 
undoubtedly  the  best  for  yards  and  the  Wharton  the  best  in  every  way 
for  the  main  line.  In  locating  a  siding  it  is  better  to  place  it  on  the 
outside  than  the  inside  of  a  curve,  as  it  not  only  looks  better  but  does 
not  obstruct  a  clear  view  of  the  main  line  by  engineers  of  approaching 
trains.  Switches  should  not  be  i^laced  near  bridges  nor  on  high  banks, 
as  in  case  of  accident,  on  account  of  them,  the  near  proximity  to  the 
abrupt  changes  of  elevation  will  cause  the  trouble  to  be  more  serious. 
Where  sidings  are  on  grades,  beams  of  wood  are  sometimes  placed 
on  the  lower  ends  to  prevent  cars  being  blown  on  to  the  main  line. 
A  much  better  precaution  is  to  put  in  a  ground  lever  thrown  on 
the  outside  rail  at  the  point  of  curve  back  into  the  main  line,  and 
cars  blown  towards  it  will  by  it  be  diverted  from  instead  of  towards 
the  main  line.  Where  a  great  number  of  trains  are  handled,  sidings 
located  as  indicated  in  Fig.  11  will  be  found  of  great  advantage  and 
far  superior  to  the  ordinarily  located  sidings.  Suj^pose  passenger  train 
has  to  pass  freight  trains  going  either  way;  freight  trains  going  from 
A  towards  D  enter  siding  at  A,  and  vice  versa  those  going  from  D 
towards  A,  enter  siding  at  D ;  passenger  train  passes  and  instead  of 
one  of  the  freight  trains  having  to  wait  for  the  other  to  get  out  of 
the  way  as  with  the  ordinary  siding,  they  pull  out  on  the  main  line 
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simultaneously,  the  one  on  AC  going  towards  D 
entering  main  line  at  C  and  the  one  on  DB  going 
towards  A  entering  main  line  at  B.  The  signal 
station  should  be  located  at  some  convenient  point 
between  B  and  G,  and  trains  not  being  allowed  to 
enter  the  main  line  at  A  or  D,  the  operator  has 
everything  immediately  under  his  eye  and  no  move- 
ment can  take  place  unless  he  is  cognizant  of  it. 
The  Wharton  switch  for  safety  and  durability  is 
unsurpassed,  and  with  a  spring  frog  it  presents  a 
practically  unbroken  main  line  and  is  really  not 
a  switch  until  thrown  for  use.  The  only  draw- 
back to  the  Wharton  switch  is  its  cost,  which 
is  several  times  that  of  the  split  switch,  but  as  it 
lasts  several  times  as  long,  this  is  not  considered 
an  objection;  it  is  subjected  to  no  wear  except  when 
in  actual  use  and  repairs  on  it  are  little  or  nothing. 
When  accidents  occur  with  the  Wharton,  an  inves- 
tigation will  often  show  that  the  guard  rail  at 
the  point  has  been  j^laced  too  far  from  the  main 
rail,  thereby  not  being  effective  in  forcing  the 
wheel  to  mount  the  elevated  rail,  and  this  rail 
should  always  fit  very  snugly  to  the  main  rail. 
Where  a  Wharton  switch  has  been  projDcrly  jsut  in 
and  is  in  good  order,  no  accidents  need  be  feared 
from  them,  unless  a  train  passes  over  them  too 
rapidly.  Lorenz  or  split  switches,  as  previously 
noted,  are  very  good  for  use  in  yards,  but  the 
guard  rai'.s  must  run  close  up  to  the  points  and 
the  ends  next  to  the  points  must  be  flared  by  an 
angle  and  not  by  a  moderate  curve.  The  split 
switch  is  unsafe  for  main-line  use,  unless  trailed. 
When  faced,  there  is  chance  for  a  sharp  wheel  flange 
to  get  between  the  rail  and  the  main  rail  and  cause 
a  bad  accident.  Split  switches,  however,  are  largely 
used  in  main  lines,  especially  in  the  North,  but  the 
number  of  accidents  reported  from^them  far  exceeds  those  by 
Wharton. 
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Fkogs. — Stiff  keyed  frogs  for  general  side-track  and  yard  use,  give 
good  satisfaction,  as  they  wear  well  and  are  not  liable  to  get  out  of  order 
if  properly  looked  after.  In  the  main  line,  a  spring  rail  frog,  which 
represents  an  unbroken  bearing,  is  the  best,  as  it  saves  wear  and  tear  of 
the  rolling  stock  and  the  frog  itself. 

Switch  Stands. — These  are  necessary  for  throwing  the  rails  of  the 
switches,  so  trains  may  pass  from  one  track  to  another.  There  are  many 
kinds  of  switch  stands,  but  the  best  are  the  High  Switch  Signal  for  use 
on  main  lines,  the  Eamapo  Automatic  Switch  Stand  for  general  use 
around  stations  and  in  yards,  and  in  crowded  yards  the  low  Eamapo 
Stand. 

Inspection. — The  time  of  the  engineer  of  maintenance  of  way  is 
largely  taken  up  with  new  work,  but  as  often  as  possible  he  should  ride 
over  his  track  and  examine  it  as  carefully  as  possible,  making  notes  of 
irregularities  and  noting  if  imperfections  previously  noted  have  received 
attention,  and  he  should  as  far  as  possible  keep  informed  in  regard  to 
the  work  done  by  each  force.  He  should  also  walk  over  the  track  with 
the  foremen  as  much  as  possible,  talking  to  them  and  discussing  their 
work  with  them,  thereby  encouraging  them  to  greater  exertions  and 
improvement.  Supervisors  should  always  make  weekly  inspection  of 
their  work  and  section  foremen  daily  inspection.  All  inspections  should 
be  made  regularly,  and  when  any  defects  or  obstructions  of  the  track  are 
discovered  by  the  track-walkers,  they  should  report  same  at  once  to 
their  section  foreman,  and  if  the  trouble  cannot  be  promptly  and  prop- 
erly attended  to  with  the  section  force,  the  foreman  should  call  on  the 
supervisor  for  such  additional  help  as  he  may  deem  necessary.  Inspec- 
tions should  not  be  merely  glances  at  the  track  from  the  rear  end  of  a 
rapidly  moving  train.  Everything  should  be  measured  that  cannot  other- 
wise be  fully  known.  The  track  foreman  should  never  know  when  to 
expect  his  superior.  Systematic  inspection  is  generally  necessary  to  dis- 
cover bad  practice  and  to  proj)erly  instruct  the  foremen  and  see  that 
they  carry  out  orders.  The  supervisors  should  also  regularly  inspect  the 
section  tools  and  tool  houses  and  see  that  each  gang  has  its  full  comple- 
ment, and  that  all  are  kept  carefully  and  in  good  shape,  and  that  none 
are  lost  or  wasted.  All  tools  and  supplies  should  be  issued  to  the  track 
foremen  on  their  requisition,  as  it  is  better  that  they  should  never  com- 
plain that  they  cannot  do  certain  work  for  want  of  tools  necessary,  but 
supervisors  should  see  that  all  such  tools  are  actually  in  possession  of 
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the  force  or  have  been  used  as  indicated  in  their  reports.  Careless  and 
wasteful  handling  of  tools  and  supplies  costs  the  company  a  good  deal  ot 
money. 

Pkemiums. — A  good  many  lines  offer  premiums  to  their  supervisors, 
and  foremen  and  men,  for  good  work,  careful  and  economical  handling 
of  their  tools  and  materials,  etc.,  and  no  money  is  ever  better  spent  by 
the  company,  nor  is  there  any  way  in  which  they  get  a  better  return 
than  by  such  expenditures.  The  men  are  constantly  encouraged,  a 
friendly  rivalry  springs  up  between  them,  and  by  each  trying  his  best 
all  the  time  a  high  standard  of  excellence  is  reached.  The  premium 
may  consist  of  one  month's  pay,  and  should  be  offered  to  the  men  as. 
well  as  the  supervisors  and  foremen,  and  this  will  make  the  men  not 
only  do  good  work,  but  endeavor  to  make  full  time,  increasing  tho 
amount  to  be  paid  them  for  the  premium.  One  inspection  should  be 
made  per  annum  on  a  slow-moving  train,  and  the  judges  should  consist 
of  the  chief  engineer  of  the  line  and  certain  of  the  division  superin- 
tendents and  engineers  of  maintenance  of  way,  and  always  the  latter 
officers  of  the  division  on  which  the  inspection  is  being  made.  This 
annual  inspection  is  of  great  assistance  and  encouragement  to  the  mea» 
and  shows  them  that  actual  merit  and  good  work  win,  and  not  favor- 
itism in  any  way.  In  addition  to  awarding  prizes,  where  men  have  done- 
especially  well,  though  not  as  well  as  the  prize  winners,  they  should  bo 
favorably  mentioned.  A  very  good  plan  is  also  to  offer  a  prize  of  SlO 
to  the  wife  of  the  section  foreman  who  keeps  the  neatest  section  house 
and  grounds,  and,  in  the  event  of  his  being  unmarried,  to  the  foreman 
himself;  in  addition  to  the  prize,  the  foreman  should  also  be  given  a 
certificate,  setting  forth  a  degree  of  excellence  attained  by  him,  which 
entitled  him  to  the  prize.  These  annual  inspections  will  very  soon 
necessitate  grading  the  foremen  into  such  classes  as  they  belong,  and  tho 
first-class  foreman  should  be  better  paid  than  the  second-class,  and  so 
on.  In  addition  to  general  excellence  a  prize  should  be  offered  for  the 
greatest  improvement  in  any  one  section  on  a  division.  It  may  bo- 
argued  that  the  men  should  give  the  best  work  for  their  regular  pay^ 
but  on  trial  it  will  be  found  that  the  premium  system  has  many  decided 
advantages,  and  will  cause  the  track  to  be  gotten  up  and  kept  in  better 
shape  than  without  it,  and  a  road  has  only  to  try  it  awhile  to  adopt  it. 
for  a  regular  thing. 

In  conclusion,  I  will  say  that  only  the  best  of  all  classes  of  workers^ 
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from  the  chief  engineer  to  the  laborer,  should  be  employed.  All  should 
be  encouraged  to  do  their  best,  and  should  be  made  to  feel  that  careful 
and  first-class  work  is  appreciated,  and  such  work  should  be  valued 
highly  and  well  paid  for.  Incompetent  and  careless  men  should  be 
gradually  weeded  out,  and  a  high  standard  of  excellence  in  forces  and 
work  aimed  at  continually.  The  manager  who  can  keep  his  men 
interested  in  their  work  and  the  property  of  the  road  will  find  that  his 
line  will  be  successful,  not  only  in  paying  well,  but  in  satisfying  the 
inhabitants  of  the  country  through  which  it  runs,  which  means  the 
gradual  working  up  of  a  good  local  business,  which  is  beyond  the 
reach  of  competing  lines.  All  of  these  satisfying  conditions  can  hardly 
be  expected  on  one  line,  but  the  road  coming  nearest  to  them  will  stand 
the  best  chance  for  making  money,  which  is  what  we  all  want  to  do. 


DISCUSSION. 


Geokge  R.  Hardy,  M.  Am.  Soc.  0.  E. — I  would  hardly  feel  like  dis- 
cussing a  paper  of  which  I  only  heard  a  part,  but  one  point  attracted 
my  attention,  and  is  perhaps  worthy  of  notice;  that  is,  the  question  of 
obtaining  the  alignment  of  a  location  on  a  curve.  I  have  had  con- 
siderable experience  with  tracks  which  have  been  originally  located 
with  an  effort  to  ease  the  track  curves  at  the  ends,  by  doing  it  in  the 
alignment,  which  always  produces  more  difficulty  than  is  gained.  The 
alignment  should  be  so  given  that  it  can  be  restored,  as  hardly  any 
roads  in  this  country  are  prepared  to  stake  out  all  their  curves  and 
establish  permanent  points.  It  will  be  found  necessary,  in  order  to 
rejjlaee  the  alignment,  to  intersect  the  tangents,  and  when  this  is  done, 
if  it  is  a  simple  curve,  it  can  be  easily  obtained  by  measuring  the  exter- 
nal distance  of  that  curve.  If  it  is  a  compound  curve  there  is  more 
difficulty,  and  yet  the  solution  can  be  obtained  there;  but  if  it  comes  to 
a  curve  in  which  the  compounding  is  of  a  diflferent  degree  at  each  end, 
it  is  impracticable  to  restore  that  curve  without  fixed  data.  Now,  the 
method  of  easing  the  curve  is  one  of  the  simplest  things.  I  do  not  say 
one  of  the  simplest  in  the  sense  of  requiring  no  mathematics,  but  it  is  a 
matter  which  can  be  very  easily  solved  by  those  who  understand  it. 
The  practice  of  to-day  has  been  very  well  developed  by  the  methods 
used  on  the  Pennsylvania  Koad,  and  the  same  practice  has  been  still 
further  developed  and  simplified  on  the  New  York  and  New  Haven 
Koad.  The  rules  which  are  adopted  there  are  fundamental,  and  the 
results  are  the  very  best.  They  produce  the  parabolic  curve  of  the  tliird 
degree  for  adjusting  the  ends  of  the  curve.     Whenever  the  track  is  to  be 
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relined  the  center  curve  can  be  easily  found,  and  tlie  adjustment  can  ba 
staked  out  again. 

In  my  practice  I  find  it  better  to  depress  the  inner  rail  just  as  much 
as  the  outer  rail  is  raised,  ijreserving  the  center  of  gravity  of  the  train 
in  better  relation  to  the  line  in  jnxssing  around  the  curve.  As  re-^ards 
the  amouut  of  elevation,  it  seems  to  me  that  the  figure  mentioned, 
8  inches  on  any  curve,  is  excessive.  The  highest  that  I  allowed  on 
heavy  traffic  was  4  inches  on  as  sharp  as  a  6-degree  curve.  If  that  was 
not  sufficient  for  the  sjDeed,  it  was  necessary  that  they  bring  the  speed 
down.  The  fact  of  the  matter  is,  in  regard  to  the  elevation  of  the 
curves,  if  we  follow  Professor  Henek's  rule  we  will  get  an  elevation  in 
which  if  we  take  the  speed  in  miles  per  hour  as  the  length  of  a  chord,, 
we  shall  fiud  that  the  middle  ordinate  equal  to  the  elevation  would  be 
that  of  a  chord  about  l^V  times  the  speed  length.  I  find  that  satis- 
factory practice  has  been  to  take  the  speed  in  miles  jser  hour  and  add 
50  per  cent.,  which  makes  60,  at  a  speed  of  40,  and  take  the  mid- 
dle ordinate  of  that  distance  for  the  elevation.  Track-men  can  easily 
api^ly  that  rule  and  determine  the  proper  elevation,  and  the  tangent 
points  of  unadjusted  curves  at  the  ordinate  would  be  about  fths  of 
that  on  the  curve,  and  would  be  run  out  in  a  distance  50  or  75  feet, 
according  to  the  height  at  the  tangent  point, 

KoBEKT  L.  Hakris,  M.  Am.  Soc.  C,  E. — I  consider  that  Mr.  Hall,  at 
the  beginning  of  his  paper,  is  too  explicit  upon  the  slopes  to  be  given 
to  earth  cuts,  i.e.,  1  to  1,  During  long  and  varied  exj^erience  in 
many  parts  of  North  America  I  have  found  the  general  slope  has  been 
IJ  to  !•  The  slope  that  should  be  adopted  at  any  locality  depends  on 
the  special  character  of  its  material,  I  have  seen  clay  that  standa 
nearly  vertical  better  than  at  any  inclination. 

A  surface  ditch  placed  at  three  feet  from  the  slope  line  is  mentioned; 
usually  this  is  too  close;  the  top  of  the  slope  will  split  off  and  the  for- 
mation will  be  destroyed,  especially  in  clay  countries,  or  where  there  is 
frost  or  great  heat. 

Pole  drains,  as  used  in  some  parts  of  Canada,  constitute  an  efficient, 
as  well  as  economical,  means  of  under  draining  new  wet  cuts  in  "  a 
wooden  country,"  where  tile  drains  or  broken  rock  are  not  convenient 
or  are  too  expensive.  Deep  ditches  are  dug,  in  which  bundles  of  sap- 
lings are  placed  continuously  and  covered;  this  mode  works  well  also  in 
draining  wet  sloiies. 

Jdliex  a,  Hali.,  M.  Am.  Soc.  C,  E. — I  have  noted  what  Mr.  Hardy 
has  to  say  in  regard  to  curve  location,  and  that  he  thinks  tliere  are  as 
yet  hardly  any  roads  in  this  country  that  are  i^repared  to  stake  out  their 
curves  and  establish  permanent  points;  the  Richmond  and  Danville  is 
doing  this  on  all  newly  constructed  lines,  and  it  is  the  intention  of  this 
company  to  re-locate  jioints  ou  all  of  its  lines  as  rapidly  as  possible. 

I  also  notice  that  Mr.  Hardy  thinks  it  proper,  in  elevating  curves,  to 
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depress  the  inner  rail  as  mucli  as  the  outer  one  is  elevated;  I  think  he 
would  hardly  siieceed  in  getting  any  practical  track-man  to  agree  with 
liim  in  this.  For  the  reasons  outlined  in  my  paper,  I  think  that  all  of 
the  elevation  should  be  put  in  the  outer  rail  of  the  curve,  and  I  also 
think  that  the  inner  rail  should  hold  to  the  exact  grade  of  the  track,  no 
-matter  what  that  grade  is,  and  never  be  put  below  it. 

I  note  that  Mr.  Harris  thinks  that  I  am  too  exj)licit  in  my  specifica- 
tion of  cut  slopes  ;  in  addition  to  reasons  shown,  where  cuts  are  taken 
out  in  good  stiff  material,  it  is  sometimes  many  years  before  a  1  : 1  slope 
will  wash  to  the  natural  slope  of  1^:1,  and  I  know  cuts  now,  on  the 
Eichmond  and  Danville  that  have  washed  considerably  steeper  than  1  : 1, 
and  although,  as  stated,  I  believe  it  is  less  expensive  to  take  out  cuts,  in 
construction  to  1  : 1  slope,  I  also  believe  it  is  less  exi^ensive  to  clean  out 
a.  ditch  at  the  foot  of  a  1  : 1  slope  than  to  take  out  the  cut  1}  :  1  when 
the  construction  is  in  progress. 

Now,  as  to  surface  ditches,  while  I  named  3  feet  as  being  the 
proper  distance  for  these  from  the  top  of  the  sloi^e,  I  am  frank  to  admit 
that  in  some  material  more  space  is  necessary,  yet  in  all  material  that 
stands  well,  I  think  the  distance  of  3  feet  is  sufiicient. 

I  think  well  of  Mr.  Harris'  method  of  draining  wet  cuts  with  bundles 
of  saplings;  this  is  a  modification  of  the  farmers'  drains  of  which  I  spoke, 
and  would,  I  think,  be  very  effective.  A  simple  wooden  box,  with  a 
4-inch  square  oj^ening,  sunk  in  either  ditch  of  a  wet  cut,  is  also  an 
excellent  plan  and  will  not  fail  in  its  pur])ose  if  properly  put  in  ;  this 
has  been  tried  very  recently  on  one  of  our  new  lines,  in  a  cut  where 
the  men  and  mules  could  scarcely  get  about,  and  its  success  was  remark- 
able. 


^C?Y  '^<^ 
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